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Abstract  
           In this study, the Sudanese coastal waters especially, Port Sudan area 
was microbiologically evaluated by measuring the most important three 
bacterial indicators of faecal pollution of water which are total coliform, 
faecal coliform and faecal streptococci using the multiple tube technique to 
determine the  most probable number of indicator bacteria in 100 ml sea 
water. 
           Fifty sea water samples were collected from 10 stations located along 
the shore line of the Sudanese coastal waters near Port Sudan as well as the 
inner waters of both Port Sudan and Suakin and from the open sea water off 
Port Sudan. 
           Generally, the three indicator bacteria were present in all samples 
collected from the shore line stations but non of them was found in the 5 
samples collected from the open sea. High counts  were observed in the 
samples collected from the inner waters of Port Sudan in both Khour Salalab 
and Khour Kilab which receives annually considerable amounts of fresh 
water from the run–off from the land. The counts decreased when samples 
were collected away from Port Sudan either to the south or north. The study 
showed low counts of indicator bacteria in Suakin inner waters than that of 
Port Sudan. 
           The highest counts of the indicators observed in this study were 180, 
180 and 350 unit per 100 ml sea water for total coliform, faecal coliform and 
faecal streptococci respectively. 
           In this study 10 sea water samples  collected from the inner waters of 
Port Sudan (Khour Salalab), (which showed higher counts of indictor 
bacteria), were used for isolation of possible pathogenic bacteria present in 
sea water. The results showed that a variety of opportunistic pathogens were 
present and the species isolated were: Escherichia coli, Streptococcus 
faecalis, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Pseudomonas alcalegenis, Pseudomonas fluoresens and Vibrio 
anguillarum. This enhances the possibility of the presence of frank 
pathogens. 
           The study suggests that a greater attention for control of marine 
pollution as well as more inclusive management of water sources should be 
made. Control strategies for improvement of public and environmental 
health are urgently needed.  
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CHAPTER ONE 
Introduction 
              As human populations multiply and industrialization increases 
and diversifies, the problem of pollution of the environment becomes 
more critical. Not least of the environmental problems is water pollution, 
the seas and ocean which cover 70% of the world's surface and offer one 
of man's great hopes for future food supplies, are not exempt from the 
menace of pollution. Pollution problems mount as populations move to 
the coasts seeking the amenities and recreational opportunities of the sea 
shore as well as the convenience and advantages to be found there for 
certain kinds of industry. With the growing use of sea lanes for 
commerce, the ever–increasing size and variety of cargo ships and 
tankers and the use of sea–bed for mineral extraction, the threat of 
pollution to the marine environment from deliberate or accidental release 
of noxious materials from ships and cargoes become more acute 
everyday. The sea is also polluted by fall–out from the atmosphere and 
large amounts of pollutants and wastes reach the oceans through the 
rivers and run–off from the land. 
              The menace of pollution to the marine environment has been 
brought into sharp focus by a number of events in recent years. Fall – out 
from nuclear tests and the discharge of radioactive wastes from nuclear 
reactors have brought increasing protests from a radioactivity–sensitive 
public. Various tankers disasters and many other accidents have 
demonstrated the devastation that can arise in coastal waters and on 
beaches, and on its impact on living resources from the uncontrolled entry 
of oil into the sea. The detection far from any obvious sources, of 
pesticides in the marine environment and in the marine organisms has 
brought to light the devious ways in which dangerous materials can be 
transmitted through the marine food chain and transported long distances 
by physical and biological processes. The synthesis of an increased 
number of new compounds for a variety of purposes and their release into 
the environment before they are fully tested on aquatic organisms, present 
potential risk to living marine resources. Moreover, the possible 
synergistic effects of this multiplicity of toxic substances can be far more 
severe than single–factor bio assays would suggest (FAO, 1972 ). 
              Faecal contamination of coastal waters is one of the most serious 
and well–known forms of pollution, mandating closure of large areas to 
shell fishing and creating a potential human health threat. 
              Swimming in coastal waters is  favored in many countries. Such 
waters are often contaminated by human sewage as a result of discharges 
or overflows (U S Environmental Protection Agency, 2001). Swimming 
in faecally contaminated recreational waters has consistently been 
associated with gastrointestinal (GI) illness (Pruss, 1998 and Wade et al., 
2003). The incidence of illness attributable to recreational water exposure 
appears to be increasing. 
              The present study aims to investigate the quality of Sudanese 
coastal waters especially near Port Sudan city. The main objectives of the 
study were to : 
1- Determine the degree of faecal pollution of recreational waters 
using indicator bacteria.  
2- Isolate and identify  the various bacteria or groups of organisms 
which are predominantly excremental in origin. These groups 
comprise the normal faecal bacteria that can be found in coastal 
waters.  
 
 
CHAPTER TWO 
Literature review 
2. 1. The Red Sea: 
              The Red Sea is the northern arm of the Indian Ocean. It 
represents a complex and unique tropical marine ecosystem with 
extraordinary biological diversity and remarkably high degree of 
endemism (Abu Gideiri, 1999). This narrow band of water, located 
between latitude 12º 31" South and 30º 00" North, has a length of about 
1930 km. The greatest width is about 270 km near Massawa and the 
minimum width is about 27 km at Bab-elmandeb. The area of the sea is 
about 440000 km², the average depth is about 224 m, but the greatest 
depth is about 2920 m, between latitude 19º - 24º and the minimum depth 
is about 100 m, at 125 km north of Bab-elmandeb  (U N Environmental 
Programme, 1997). 
              Because of its tropical location, sunlight falls on it almost 
perpendicularly and is plentiful. Surface water temperature ranges 
between 27C–32C and salinity is rather high, 38–39‰. Tide is weak 
reaching its maximum at the northern and southern parts of the Red Sea 
where the difference between high and low tide reaches 50 cm (Morcos, 
1970). 
 2. 1. 1. Sudanese Red Sea Coast : 
              The Sudanese Red Sea coast is about 750 km long including 
bays and inlets. It is mostly semi–desert  with a narrow coastal plain. It is 
sparsely populated except for few villages in addition to Port Sudan and 
Suakin towns. The average annual rain fall is 111 mm (varying from 36 
mm at Halaib to 164 mm at Suakin) (Elawad, 2002). 
              Numerous seasonal fresh water streams (Khours) drain into the 
Red Sea through inlets. The torrential rains occur mainly during 
November to December. The widest and the deepest part of the Red Sea 
lie off Port Sudan. In most parts of the coast, water is extremely 
transparent, sometimes as deep as 35 m. Typical features of the Sudanese 
Red Sea are coastal lagoons and sheltered bays (Marsas) that form natural 
harbours and fish landing places. Several of these lagoons are fringed by 
mangroves (Khalil, 1994). Sea grass beds are frequently found in the 
shallow waters of Marsas and in lagoons betweens the coast and the 
fringing reef. Most of the coast is bordered by fringing reef 1–3 km wide 
separated by deep channels from a barrier reef 1–14 km wide. 
2. 1. 2. Port Sudan Area: 
              Port Sudan is the major sea port of the country. It is located at 
the western coast of the Red Sea few meters above sea level. it lies at 
latitude (19º–20º) North and longitude (37º–38º) East. Port Sudan 
population is estimated at 400000 distributed in two definable areas; 
about 320000 people reside within the compact city limits, while the rest 
live in rural areas within 10–15 km of the city. The city gains it's water 
supply from the surface and underground water in Arbaat (41km 
northwest of the city) (Eltom, 1997). Recently, 2 stations were 
constructed to treat sea water in addition to other small private stations.      
2. 2. Importance of water: 
               Water, of adequate quantity and quality is essential for healthy 
life. The associations between sanitation, water and health are well 
known. Many diseases are associated with contaminated water and water 
shortages. Without adequate water , people can neither wash themselves 
properly, nor their clothes, nor their cooking utensils and food can not be 
prepared adequately or hygienically. These restrictions on cleanliness 
result in various parasitic, fungal and skin diseases, eye infections and 
diarrhoeal diseases (World Health Organization, 1998). 
 2. 3. 1. Water pollution: 
              The more acceptable definition of water pollution is that given 
by FAO (1979): " The presence of any substance (organic, inorganic, 
biological, thermal or radiological ) in water at intensity levels which tend 
to impair, degrade, or adversely affect it's quality or usefulness for 
specific purposes". Hence contamination is synonymous with the 
degradation of water quality. The early studies on water pollution were 
motivated primarily by public health considerations and were largely 
bacteriological investigations. 
2. 3. 2. Sources of pollution: 
              Nature, man, agriculture and industry all contribute to the 
degradation of our water quality. 
2. 3. 3. Sources of bacterial pollution : 
              Bacterial pollution in coastal waters is caused by a combination 
of point and non–point sources of pollution. Although point sources of 
bacterial contamination (e.g., industry, waste water treatment facilities ) 
are significant, non–point source pollution poses a much greater threat to 
the integrity of recreational water  bodies because it comprises a diverse 
mixture of chemical and biological contaminants and is discharged from 
countless undefined sites within a given watershed. The USEPA (2000a) 
states that non–point sources of pollution are the greatest threat to the 
nation's water quality. Examples of non–point sources of pollution 
include : 
• Sanitary sewage overflows ( SSOs ). 
• Combined sewer overflows ( CSOs ). 
• Septic systems failing. 
• Boating waste discharge. 
• Urban storm water run–off.  
• Agricultural run–off.  
• Waste from domestic pets and wildlife. 
• Overloads at sewage treatment facilities. 
              In addition, the contribution of bacterial pollution "stored" in 
sediments and re–suspended during storm events is unknown. In order to 
adequately assess human health risks and develop watershed 
management plans, it is necessary to know the sources of faecal 
contamination. But often sources of faecal contamination in water cannot 
be determined because many non–point sources may all be candidates.  
2. 4. Human health risk :  
              Human faecal pollution is largely attributed to sewage 
overflows and constitutes the greatest public health threat because 
human are reservoirs for human pathogens including bacteria, protozoa, 
and viruses (Toranzos and Mcfeters, 1997). Animal faecal waste is also a 
serious health concern as it may contain pathogens such as 
Cryptosporidium, E. coli 0157:H7, or Salmonella and may enter 
recreational water bodies by means of contaminated run–off (Dorfman, 
2004). Epidemiological data demonstrate that swimming in sewage–
contaminated water is associated with gastroenteritis and inflammation 
of the eyes, ears, skin, nasal membranes, and upper respiratory tract. The 
likelihood of contracting these symptoms increases with the 
concentration of pollution and length of exposure to polluted water 
(Alexander, Wheeler and Heaven, 1991). 
              Given the complexity of surface water systems and the potential 
health hazards associated with biological contaminants, better 
assessment tools are needed to evaluate regional water quality in the near 
shore area of coastal waters. 
• Past studies have demonstrated that biological pollutants are 
difficult to track over long distances because of dilution and poor 
survival in large water bodies  (Mclellan and Salmore, 2003). 
• In recent studies, it was shown that contamination at beach sites 
is most often associated with localized sources of pollution such 
as storm water run–off from outfalls located within the 
immediate vicinity of the beach, as opposed to regional 
contamination events such as sewage overflows which are more 
diffuse and accordingly impact a much larger portion of the near 
shore region. 
• Studies showed that elevated E. coli levels frequently 
corresponded with rainfall and were attributed to the presence of 
large shore birds populations and run–off from storm water 
discharged from outfalls and impervious surfaces in the vicinity 
of swimming areas (Mclellan and Salmore, 2003). 
2. 5. Marine water quality monitoring: 
              Recreational water quality standards are controversial, variable 
by locality, and sometimes even nonexistent (Saliba and Helmer, 1990). 
Even with monitoring, reporting is often inadequate. Even in the United 
States, municipalities do not always close beaches when standards are 
violated. Worldwide, there is no agreement on the best indicators of 
public health risks from contaminated marine waters. For example, the 
United States currently monitors Enterococcus or coliform, Hong Kong 
monitors E. coli, and the United Kingdom monitors faecal streptococci. 
Of course, the range of viral, bacterial, and protozoan pathogens of 
anthropogenic origin is enormous, and it would be impossible to identify 
an indicator for all risks. Additionally, indicators of faecal pollution 
cannot predict infectious or noninfectious diseases caused by indigenous 
organisms.  
              Traditionally, total and thermotolerant coliform have been most 
widely used as indicators of faecal contamination; however, they have 
been shown to have shorter survival times than certain pathogens e.g., 
Salmonella typhimurium and Yersinia enterocolitica in cold waters 
(Smith, Howington and McFeters, 1994). In addition, they give no 
indication of health risks from protozoa and viruses. For example, 
indicator bacteria seldom correlate with human enteric virus distribution 
in seawater (Jiang, Noble and Chui, 2001). E. coli has also been shown to 
rapidly enter the "viable but nonculturable" (VNC)  state in marine waters 
(Xu et al., 1982). In an epidemiologic study, Cabelli, et al. (1979) 
analyzed sea water for coliform, enterococci, Pseudomonas, and 
Clostridium as possible indicators. They found that gastrointestinal illness 
in swimmers correlated with enterococci levels. As a result, the USEPA  
(1986)  suggested that 35 enterococci/100 mL related to a risk of 19 
illnesses/1000 swimmer/day. Certain U.S. states have subsequently 
adopted enterococci monitoring of recreational waters. However, very 
few other countries monitor for enterococci.  
              Bacteriophages are considered to be potentially useful for 
predicting the likelihood of human enteric viruses in recreational water 
(Havelaar, Vanolphen and Drost, 1993). The human specific Bacteroides 
fragilis heat shock protein 40 (HSP40) bacteriophage has received some 
attention as a potential water quality indicator (Tartera, Jofre and Lucena, 
1988); however, further research is necessary to correlate presence of this 
virus in marine waters with specific public health risks.  
2. 6. 1. Microbiological indicators : 
              Indicators are used when quantifying possible impacts to water 
from animal and sewage wastes. They are usually used as a surrogate for 
more harmful pathogens. It is impossible to try to identify all the enteric 
pathogens present in the water. The cost is too great and the techniques 
have not been developed to test for all known pathogens.  
              Because of the great diversity of pathogenic microorganisms 
transmitted by contaminated water and the difficulty and cost of directly 
measuring all microbial pathogens in environmental samples, organisms 
that may indicate the presence of sewage and faecal contamination 
(indicator organisms) are often used for monitoring and regulation of 
recreational and drinking waters. Indicator organisms are common 
inhabitants of the intestinal tract of warm–blooded animals. They are 
found in faecal materials at high concentrations and are easier to measure 
in the environment than are pathogens. Although indicator organisms do 
not cause illness under normal conditions, they represent a measure of 
faecal contamination. Human sewage is a source of faecal contamination 
and also is known to contain pathogenic microorganisms (Jones, 2001). 
Direct and indirect exposure to sewage has been associated with illness 
(El-Sharkawi and Hassan 1982). 
There are three important requirements of an indicator: 
• It should be native to the intestinal tract. 
• enter the water with faecal discharge, and  
• be found in the presence of other enteric pathogens.  
              The indicator should normally survive longer than their disease – 
producing  companions and should be easy to isolate and identify.  
              Since the early work of Escherich, who identified Bacillus coli 
(now Escherichia coli) as a dominant bacterium in faeces, considerable 
efforts has been expended to identify the dominant bacteria associated 
with the gastrointestinal tracts of humans and warm–blooded  animals.  
2. 6. 2. Total coliform (TC): 
              Total coliform are aerobic and facultatively anaerobic, Gram–
negative, non–spore forming rods that ferment lactose while producing 
acid and gas at 35C within 48 hr. (Regional Organization for the 
Protection of Marine Environment, 1999). This definition includes the 
genera Escherichia, Citrobacter, Klebsiella, and Enterobacter. Not all of 
these organisms inhabit the intestinal tract of warm–blooded  animals 
exclusively. Total coliform was originally used as an indicator of faecal 
contamination in surface water. 
2. 6. 3. Faecal coliform (FC):  
              Faecal coliform are aerobic and facultatively anaerobic Gram–
negative, non–spore forming rods that ferment lactose while producing 
acid and gas at 35C and 44.5C in less than 24 hr. They produce indole in 
tryptone water containing tryptophane at 44.5C (ROPME, 1999). 
              Faecal coliform exhibit a highly specific positive correlation 
with faecal contamination from warm–blooded animals and, therefore, 
are good indicator for the sanitary quality of coastal waters. Since faecal 
coliform die within hours when exposed to sunlight in sea water at a 
temperatures above +4C, their presence in sea water indicates only recent 
contamination by faecal materials. Die–away rates depends on salinity, 
temperature, solar radiation, etc. and must be taken into consideration 
when interpreting the results (ROPME, 1999). 
              The faecal coliform group is a sub–group  of total coliform that 
grow mainly in the intestines of warm–blooded animals. These organisms 
may be separated from the total coliform group by their ability to grow at 
elevated temperatures (44.5C). The most common member of this group 
is E. coli, but also includes Klebsiella, Enterobacter, and Serratia which 
can also be found free–living  on plants and in soils (U S Food and Drug 
Administration, 2002). 
  
              E. coli, originally known as Bacterium coli commune, was first 
identified in 1885 by the German pediatrician, Theodor Escherich (Neill, 
et al., 1994). E. coli is widely distributed in the intestines of human and 
warm–blooded  animals and is the predominant facultative anaerobe in 
the bowel and part of essential intestinal flora that maintains the 
physiology of the healthy host (Neill, et al., 1994). E. coli is a member of 
the family Enterobacteriaceae (Ewing, 1986), which includes many 
genera including known pathogens such as Salmonella, Shigella, and 
Yersinia . 
              In 1892, Shardinger proposed the use of E. coli as an indicator of 
faecal contamination. This was based on the premise that E. coli is 
abundant in human and animal faeces and not usually found in other 
niches. Furthermore, since E. coli could be easily detected by its ability to 
ferment glucose (later changed to lactose), it was easier to isolate than 
known gastrointestinal pathogens. Hence the presence of  E. coli in food 
or water became accepted as indicator of recent faecal contamination and 
the possible presence of frank pathogens. Although the concept of using 
E. coli as an indirect indicator of health risk was sound, it was 
complicated in practice, due to the presence of other enteric bacteria like 
Citrobacter, Klebsiella and Enterobacter that can also ferment lactose 
and are similar to E. coli in phenotypic characteristics, so that they are not 
easily distinguished as a result, the term "Coliform" was coined to 
describe this group of enteric bacteria. Coliform is not a taxonomic 
classification but rather a working definition used to describe a group of 
Gram–negative, facultative anaerobic rod–shaped  bacteria that ferments 
lactose to produce acid and gas within 48hr at 35C. In 1914, the U.S. 
Public Health Service adopted the enumeration of coliform as a more 
convenient standard of sanitary significance (USFDA, 2002). 
               Although coliform were easy to detect, their association with 
faecal contamination was questionable because some coliform are found 
naturally in environmental samples (Caplenas, et al., 1984). This led to 
the introduction of the faecal coliform as an indicator of contamination. 
Faecal coliform were first defined based on the work of Eijkman as a 
subset of total coliform that grows and ferment lactose at elevated 
incubation temperature (44.5), hence also referred to as thermotolerant 
coliforms. Faecal coliform are the coliform bacteria that originate 
specifically from the intestinal tract of warm–blooded animals. Faecal 
coliform analyses are done at 45.5C for food testing, except for water, 
shellfish and shellfish harvest water analyses, which use 44.5C 
(American Public Health Association, 1998). The faecal coliform group 
consists mostly of E. coli but some other enterics such as Klebsiella can 
also ferment lactose at these temperatures and therefore, be considered as 
faecal coliforms (Wilkes University, 1998). 
              The inclusion of Klebsiella spp in the working definition of 
faecal coliform diminished the correlation of this group with faecal 
contamination. As a result, E. coli has reemerged as an indicator, partly 
facilitated by the introduction of newer methods that can rapidly identify 
E. coli (USFDA, 2002). 
              Currently, all three groups are used as indicators but in different 
applications. Detection of coliform is used as an indicator of sanitary 
quality of water or as a general indicator of sanitary condition in the 
food–processing environment. Faecal coliform remains the standard 
indicator of choice for shellfish and shellfish harvest waters, and E. coli is 
used to indicate recent faecal contamination or unsanitary processing. 
Almost all the methods used to detect E. coli, total coliform or faecal 
coliform are enumeration methods that are based on lactose fermentation 
(APHA, 1992).  
              The Most Probable Number (MPN) method is a statistical, 
multi–step  assay consisting of presumptive, confirmed and completed 
phases. In the assay, serial dilutions of a sample are inoculated into broth 
media. Analysts score the number of gas positive (fermentation of 
lactose) tubes, from which the other two phases of the assay are 
performed and then uses the combinations of positive results to consult a 
statistical tables to estimate the number of organisms present. Typically 
only the first two phases are performed in total and faecal coliform 
analyses, while all three phases are done for E. coli. The three–tube  MPN 
test is used for testing most foods. The five–tube  MPN is used for water, 
shellfish and shellfish harvest water testing and there is also a ten–tube  
MPN method that is used to test bottled water or samples that are not 
expected to be highly contaminated (APHA, 1998). 
2. 6. 4. Faecal Streptococci (FS) and Enterococci groups: 
              Faecal streptococci are Gram–positive oblong / oval occurring in 
pairs or in short chains. They will grow in azide dextrose broth at 35 ± 
0.5C, in brain–heart infusion broth within 2 days at 45C; in 5 days at 10C 
and confirmed as catalase negative (ROPME, 1999). 
              Faecal streptococci normally originate from the intestines of 
warm–blooded animals and when found in sea water indicate 
contamination with faecal materials. Recent studies indicate that a few 
variant strains in the faecal streptococci group, may be found in certain 
plant or plant products. Therefore, waste from food processing industries 
may be also a source of organisms yielding positive reaction when tested 
with this method. Die away rates depend on salinity, temperature, solar 
radiation, etc. and must be taken into consideration when interpreting the 
results (ROPME, 1999). 
               Faecal streptococci are less numerous in human faeces than 
coliform. This group contains a number of species of the genus 
Streptococcus. They are not known to multiply in the environment like 
faecal coliform. At one time S. faecalis and S. faecium were thought to be 
more human–specific than other Streptococcus species. Other species 
have been observed in human faeces but less frequently. At the same 
time, S. bovis, S. equinus, and S. avium are not exclusive to animals, 
although they usually occur at higher densities in animal faeces (Wilkes 
University, 1998). 
              Enterococci are a sub–group of the faecal Streptococcus group. 
This group consists of a number of species of streptococci, S. faecalis, S. 
faecium, S. gallinarum, and S. avium. The enterococci portion of the 
faecal Streptococcus group is a valuable bacterial indicator for 
determining the extent of faecal contamination in surface waters. Water 
quality guidelines based on enterococcal density have been proposed for 
recreational waters. Studies in marine and fresh waters indicate that 
enterococci are the most efficient bacterial indicator of water quality. 
Enterococcus is a bacterium found in the human intestine and therefore a 
good indicator of human wastes (Wilkes University, 1998). 
              According to studies conducted by the USEPA, enterococci have 
greater correlation with swimming–associated  gastrointestinal illness in 
both marine and fresh waters than other bacterial indicator organisms, 
and are less likely to "die off" in salt water. If an enterococci result was 
observed to exceed 104 colony forming units per 100 ml of beach water 
sampled and a resampling result also exceeded this value, then an 
"advisory" would be issued for the sampling site.  
              The ratio of faecal coliform to faecal streptococci (FC/FS) can 
provide information on the source of contamination; however, several 
precautions are in order when using these ratios (Wilkes university, 1998) 
which are: 
Source Man Duck Sheep Chicken Pig Cow Turkey 
Ratio 4.4 0.6 0.4 0.4 0.4 0.2 0.1 
2. 6. 5. Other bacterial indicators: 
              The intestines of warm–blooded  animals host an incredible 
variety of bacteria. Most bacteria are a part of the normal intestinal flora. 
The type and quantity of bacteria species present can vary depending on 
animal species (Table 1). Testing for specific bacterial species more 
common to certain animals can give information on possible bacterial 
sources. Some of the more species–specific microbiological indicators are 
described below. It is important to remember that bacteria flora can vary 
among the same species due to diet or location. Also, bacteria can 
colonize other animals if the environment is hospitable. 
Table1. Numbers of viable bacteria found in the faeces of adult animals: 
logarithm of viable counts per gram of faeces (Todar, 2002)* 
Animal Escherichia 
coli 
Clostridium 
perfringens 
Streptococci Bacteroides Lactobacilli 
Cattle 4.3 2.3 5.3 0 2.4 
Sheep 6.5 4.3 6.1 0 3.9 
Horses 4.1 0 6.8 0 7.0 
Pigs 6.5 3.6 6.4 5.7 8.4 
Chickens 6.6 2.4 7.5 0 8.5 
Rabbits 2.7 0 4.3 8.6 0 
Dogs 7.5 8.4 7.6 8.7 4.6 
Cats 7.6 4.7 8.3 8.9 8.8 
Mice 6.8 0 7.9 8.9 9.1 
Humans 6.7 3.2 5.2 9.7 8.8 
*Median values from 10 animals 
Table 2. Bacteria found in the large intestines of human (Todar, 2002)  
Bacterium Range of incidence 
Bacteroides fragilis 100 
Bacteroides melaninogenicus 100 
Bacteroides oralis 100 
Lactobacillus 20 – 60 
Clostridium perfringens 25 – 35 
Clostridium septicum 5 – 25 
Clostridium tetani 1 – 35 
Bifidobacterium bifidum 30 – 70 
Staphylococcus aureus 30 – 50 
Enterococcus faecalis 100 
Escherichia coli 100 
Salmonella enteritidis 3 – 7 
Salmonella typhi 0.00001 
Klebseilla sp. 40 – 80 
Enterobacter sp. 40 – 80 
Proteus mirabilis 5 – 55 
Pseudomonas aeruginosa 3 – 11 
Peptostreptococcus sp. Common 
Peptococcus sp. Moderate 
Methanogens (Archaea) Common 
              These "indicator" bacteria are used to assess the potential public 
health risk because they are found in the gastrointestinal tracts of all 
warm–blooded animals. Their presence in surface waters is an indication 
of faecal pollution (USEPA, 2000b). Indicator bacteria do not necessarily 
pose a direct health risk to human but do suggest the likely presence of 
harmful pathogens, such as Salmonella, Shigella, Rotaviruses, 
Enteroviruses, Cryptosporodium, and Giardia, that are found in both 
human and non–human sources of faecal pollution and are considered 
health threats ( Moe, 2002 ). 
2. 7. Human impacts on coastal environments: 
            Population growth in coastal areas is increasing at a rate double 
that of population growth worldwide. It is estimated that billions of 
gallons of treated and untreated wastewater are discharged daily into the 
world's coastal waters. In developing nations, 90% of untreated sewage 
from urban areas is dumped into streams and oceans (Crossette, 1996). In 
addition, run–off from heavy rains can worsen water quality. Increased 
bacterial, viral, and toxin contamination may be associated with 
watershed pollution, loss of wetlands (which naturally filter out 
pollutants), and overfishing (which decreases predation). Heavy loadings 
of organic and inorganic nutrients change the ecologic balance, 
stimulating nuisance organisms  and in some cases affecting the virulence 
of indigenous species (Bates, et al.,1991).  
              The literature suggests a global increase in the frequency, 
magnitude, and geographic extent of harmful algal blooms (HABs) over 
the past two decades, leading to toxic and anoxic conditions. A strong 
correlation exists between HABs and the degree of coastal pollution. 
Global factors also affect the plankton; for example, warm sea surface 
temperatures increase photosynthesis and metabolism (Valiela, 1984), 
and may contribute to the growth of tropical and temperate species in 
higher northern and southern latitudes.  
2. 8. Exposure scenarios:  
              There is increasing evidence that rates of marine–associated 
infections are proportional to the duration of exposure and pollution level 
(Corbett et al.,1993 and Kay et al., 1994). While submerged, swimmers 
are exposed to pathogens, toxins, and irritants that can easily enter the 
ears, eyes, nose, and mouth, as well as the anus and genitourinary tract. 
The skin is directly exposed to infectious agents and chemicals through 
swimming or working in polluted waters. This exposure can lead to a 
variety of health problems, including dermatitis and skin infections or 
deep tissue and blood infection through open cuts. In addition, there is 
strong evidence that dermal sorption is an important route of exposure to 
toxins (Wester, 1987). The health significance of percutaneous absorption 
of contaminants is unclear. It could, however, be highly significant over 
long exposure periods. Almost 100% of a swimmer's body is exposed to 
toxins in the water; therefore, dermal sorption could result in rapid 
dissemination of toxins through the systemic system, with health 
consequences ranging from immune suppression to acute toxicity (Moody 
and Chu,1995).  
2. 9. Infectious agents and mechanisms of survival: 
2. 9. 1. Bacteria:  
              It is becoming increasingly clear that the concept that enteric 
pathogens die quickly when exposed to sea water may not be accurate 
(Charoenca and Fojioka, 1995).  
              Some gram–negative organisms adapt to low–nutrient 
environments through reductive division; that is, with no change in total 
biomass, more organisms develop, but at a greatly reduced metabolic rate 
(Colwell and Spira, 1992). Under unfavorable conditions, bacteria can 
enter a dormant state. In response to cold or reduced nutrients, Vibrio 
cholerae can shrink to 1/300th its size and persist in a dormant form for 
extended periods, growing again with conducive environmental 
conditions (Colwell et al., 1985). V. cholerae could become 
nonculturable on routine culture plates, but remain viable, and could 
regrow under appropriate conditions (Colwell et al., 1985). Additionally, 
E. coli, Salmonella spp., Legionella spp., Campylobacter spp. and 
Shigella spp. demonstrate "viable but nonculturable" (VNC) states 
(Colwell et al., 1985). Despite being undetectable by conventional culture 
plate methods, VNC organisms have been demonstrated to have clinically 
virulent potential, and could be present in marine systems (Colwell and 
Spira, 1992).  
2. 9. 2. Viruses: 
              The work of Paul (1993) and others suggests that viruses are 
extremely abundant in marine systems. Because the etiologic agent is not 
identified in a high proportion of gastrointestinal infections, viruses may 
be a chief cause of swimming–associated  diseases (Cabelli et al., 1979). 
Several strains of Morbilliviruses have been associated with illness and 
death in marine mammals (Heide-Jorgensin et al., 1992). The potential 
for human illness is evident; only 20 copies of Poliovirus or Echovirus 
are required for infection to occur (Dufour, 1984). Viruses survive longer 
in sea water than do bacteria (Birch and Gust, 1989); they are also more 
likely to survive sewage treatment processes than are bacteria. Seyfried et 
al. (1984) found that, after sewage treatment, 40% of the chlorinated 
effluent samples contained viruses. In addition, Enteroviruses were 
detected in over 40% of waters deemed safe for recreational use by faecal 
coliform standards (Gerba et al., 1979). Although consumption of raw 
seafood is often implicated in cases of hepatitis A and Norwalk virus 
gastroenteritis (Eastaugh and Shephered, 1989), infection with these 
viruses from direct exposure to faecally contaminated water may also be 
possible.  
2. 9. 3. Protozoa:  
              As with viruses, there is little information on pathogenic 
protozoan survival in marine waters. Routes of exposure are primarily 
through ingestion of seawater; although the potential is there, few reports 
associated gastrointestinal illness with exposure to protozoa–
contaminated  sea water (Centers for Disease Control and Prevention, 
1983). Viral and protozoal infections from marine waters represent an 
area of research that clearly requires further work, both in terms of 
recognition of etiologic agents and in providing a higher level of 
awareness among health care providers.  
2. 9. 4. Plankton reservoir:  
              Since 1960, researchers in Bangladesh have noted an association 
between seasonal blooms of freshwater algae and plants and toxigenic V. 
cholerae (Islam et al., 1990). More recently, an indirect link has been 
suggested between coastal algal blooms and cholera epidemics (Epstein, 
1993).   
2. 10. Infections and illnesses associated with exposure to 
marine waters: 
              Gastrointestinal, respiratory, dermatologic, and ear, nose, and 
throat infections are not uncommon after recreational or occupational 
uses of water, but clinicians seldom elicit information regarding potential 
exposures when interviewing patients with these complaints.  
2. 10. 1. Prospective studies:  
              The strongest evidence linking infectious diseases to marine 
water activities comes from prospective epidemiologic studies. The first 
prospective study showed increased morbidity in swimmers compared to 
non swimmers, particularly in children under 10 years of age (Stevenson, 
1953), but sampling and reporting biases were present in the study, and 
confounding factors were inadequately addressed.  
              In the late 1970s, Cabelli et al. (1979), in a landmark prospective 
cohort study, reported a linear relationship between the incidence of 
gastroenteritis among swimmers and marine bacterial counts. Between 
1973 and 1978, participants were recruited at beaches from five U.S. 
locations: New York, Lake Pontchartrain, Louisiana, Boston and 
Massachusetts and were contacted by telephone days after going to the 
beach. Swimming status was self–selected, not randomly assigned, and 
symptoms were self–reported. The mean proportion of swimmers with 
gastrointestinal symptoms was 6.8% versus 4.6% in non swimmers. 
When enterococcal concentrations were above 1/100 mL, relative risk 
increased linearly, reaching 4.0 with concentrations of 1000/100 mL. The 
frequency of gastrointestinal symptoms was inversely related to the 
distance from known sources of municipal wastewater (Cabelli et al., 
1982).  
              Similar studies have been replicated in Egypt, Israel, South 
Africa, France, the United Kingdom, Australia, and Hong Kong (Table 
3). In the study in Sydney, Australia, Corbett et al. (1993) found that as 
many as one out of three swimmers became ill within 10 days of 
swimming in polluted waters. In addition to gastroenteritis, infections of 
the eye, ear, respiratory tract, or skin have been associated with marine 
exposure (note that all studies have relied on self–reported  symptoms) . 
Table 3 : Prospective coastal water exposure studies  
Author (Reference) Year 
published Location Symptoms 
Stevenson (1953)  1953  United States ENT, GI, Resp 
Cabelli et al. (1979)  1982  United States GI 
El Sharkawi and 
Hassan (1982)  1982  Egypt 
GI 
Foulon (1983)  1983  France Derm, eye, GI 
Fattal et al. (1987)  1987  Israel GI 
Cheung et al. (1990)  1990  Hong Kong  Derm, GI 
Balarajan et al. (1991) 1991  United Kingdom GI 
Corbett et al. (1993) 1993  Australia  GI, Resp, eye, ear 
Kay et al. (1994)  1994  United Kingdom GI 
Abbreviations: ENT= ear, nose, and throat;    GI= gastrointestinal;    
Resp= respiratory;   Derm= dermatologic.  
              Kay et al. (1994) conducted the only randomized controlled 
swimming exposure trial, involving over 1200 adults at four sites around 
the UK coast between 1989 and 1992. Non–water–related confounding 
factors (including high–risk food consumption) were similar between 
swimmers and non swimmers. Gastroenteritis was reported in 14.8% of 
swimmers. The risk to swimmers increased with faecal streptococci 
levels, with gastroenteritis rates reaching 30.4% when the counts was 
above 80/100 mL. Interestingly, swimmers acquired symptoms on days 
when bacterial indicator levels were acceptable, supporting information 
that bacterial indicators are inadequate surrogates for pathogens, 
including viruses, protozoa, and even bacteria (Cabelli et al.,1979). 
Attempts to determine the etiologic agents in symptomatic swimmers 
were unsuccessful (Jones et al., 1991), and no attempts were made to 
demonstrate viral pathogens in seawater.  
2. 10. 2. Outbreaks and case reports:  
              There are numerous case reports of infectious diseases acquired 
from recreational and occupational use of marine waters (Klontz et al., 
1988) (Table 4), and many of these are benign.  
 Table 4. Infections associated with marine water exposure.  
Infection References 
Dermatologic (Klontz et al., 1988) 
Vibrio cholerae non-01 
Other Vibrionaceae  
Mycobacterium marinum 
Erysipelothrix rhusiopathiae 
Cercarial dermatitis 
Sea lice 
Algal dermatitis  
Gastrointestinal  (Cabelli et al.,1979; Klontz et al., 1988and Kelly, 1991) 
Vibrio cholerae 
Other Vibrionaceae 
Salmonella typhi 
Entamoeba histolytica 
Giardia lamblia 
Respiratory  (Morris and Black, 1985 and Losonsky, 1991) 
Other Vibrionaceae 
Francisella philomiragia 
Sepsis  (Cabelli et al.,1979; Morris and Black, 1985 and Kelly, 1991) 
Other Vibrionaceae 
Francisella philomiragia  
Erysipelothrix rhusiopathiae 
              A 1982 outbreak of gastrointestinal illness affected New York, 
police and fire department scuba divers who had been diving in 
Manhattan's sewage–contaminated Hudson and East Rivers. The  CDC 
(1983) reported that either Entamoeba histolytica or Giardia lamblia 
were isolated from the water and from 60% of the symptomatic divers. In 
the earlier part of this century, typhoid was linked to swimming in New 
York and New Haven harbours (Winslow and Moxon, 1928).  
              Marine vibrios are increasingly recognized as human pathogens. 
Although cholera diarrhoea has not been linked to swimming, a case of V. 
cholerae non-01 cystitis associated with swimming in Chesapeake Bay 
(USA) was reported (Dumler et al., 1989). Cases of central nervous 
system and wound infections and osteomyelitis have resulted from 
injuries exposed to Vibrio alginolyticus in salt water (Opal and Saxon, 
1986). Roland (1970) attributed a case of leg gangrene with sepsis 
necessitating above–the–knee  amputation to V. parahaemolyticus 
exposure in New England coastal waters. Although disease from Vibrio 
vulnificus is more commonly associated with shellfish ingestion by 
individuals with hepatic compromise (Klontz et al., 1988). Tison and 
Kelly (1984) reported a case of a previously healthy woman who 
developed V. vulnificus endometritis secondary to sexual activities in sea 
water. V. vulnificus also causes serious wound infections and fatal 
septicemia (Tacket, Brenner and Blake, 1984).  
              Mycobacterium marinum, the "fish tank granuloma" organism 
found in fresh and sea water, primarily causes superficial wound 
infections. However, cases of septic arthritis, keratitis, and osteomyelitis 
(rarely) have been reported in fishermen (Clark and Spector, 1990). One 
case of tenosynovitis progressing to tendon rupture and permanent loss of 
hand function was reported by  Hoyt, Bryant and Glessner (1989).  
              Erysipelothrix rhusiopathiae, a gram–positive bacillus found in 
fresh and salt water, causes erysipeloid, which is characterized by well–
demarcated skin plaques. Dissemination, although unusual, has led to 
septic arthritis, osteomyelitis, brain abscess, and endocarditis (Burke and 
Jones, 1987).  
              Marine water–related disease is not always infectious. 
Swimmer's itch is a papulovesicular dermatitis acquired worldwide from 
the cercaria of Microbilharzia variglandis and other free–swimming  
avian schistosomes or flukes (Burke and Jones, 1987). These free–
swimming cercaria penetrate human skin, causing local eruptions. 
Outbreaks have been reported from Delaware and Connecticut (CDC, 
1992). Seabather's eruption or sea lice is a self–limited dermatitis caused 
by Linuche unguiculata (jellyfish) and Edwardsiella lineata (sea 
anemone) larvae that become trapped under bathing suits and secrete 
toxins causing a maculopapular rash (Freudenthal and Joseph, 1993). 
Outbreaks have been reported from the Caribbean, Florida, Long Island  
and New York (Freudenthal and Joseph, 1993).  
              Many HAB biotoxins have known neurotoxic effects. Examples 
include amnesic shellfish poisoning, paralytic shellfish poisoning, and 
neurotoxic shellfish poisoning (NSP) (Harvel et al., 1999). The effects of 
these three on human are primarily associated with consumption of 
contaminated shellfish. The "red tide" toxin produced by Ptychodiscus 
brevis, once aerosolized, induces cough, rhinorrhea, watery eyes, and 
sneezing in normal hosts and wheezing and exacerbation in asthmatics 
(Asai, Krzanowski and Anderson, 1982). NSP, an example of the impact 
of biotoxins on human, is caused by Gymnodinium breve releasing 
brevetoxins that can form toxic aerosols (by wave action) and then 
produce respiratory asthma–like symptoms. Also, dermatitis caused by 
algal toxin has been reported in Hawaii.  
              Recently a dinoflagellate (Pfiesteria piscicida) has been 
implicated as a causative agent in massive fish kills along the East Coast 
of the United States, especially in the estuaries and coastal zones of North 
Carolina (Burkholder and Glasgow, 1997). The fish kills usually occur 
during periods of warm temperatures and usually precede unusually low 
levels of dissolved oxygen.  
2. 10. 3. Costs:  
              Coastal contamination can be costly not only to infected 
individuals but to entire communities. Direct costs include diagnosis, 
treatment, investigation of outbreaks, and subsequent monitoring. Indirect 
costs can include lost wages and productivity, as well as losses to seafood 
industries, recreational activities, and tourism. For example, the oyster 
beds that were the livelihood of a Florida town were shut down because 
of harmful algal blooms, Vibrio, and viral contamination (Navaro, 1996). 
Massive fish kills also result, covering beaches with rotting fish 
carcasses. In addition, toxins produced by the organisms rapidly 
accumulate in shellfish. For example, there was an estimated $60 million 
in losses after a Pfiesteria outbreak in 1997 (Health Ecological and 
Economic Dimensions of Global Change Programme, 1998) 
2. 11. Waterborne diseases: 
2. 11. 1. Drinking water:  
              Outbreaks of disease due to drinking water source contamination 
occur when a number of events happen simultaneously. There must be 
contamination of the source water, transport of the contaminant to the 
water intake or well of the drinking water system, insufficient treatment 
to reduce the level of contamination, and exposure to the contaminant.  
              There may also be recontamination of finished water in the 
public or homeowner's distribution system (Payment et al., 1997). About 
10–15 infectious disease outbreaks attributable to drinking water are 
reported annually in the United States and many more go unreported. 
Illnesses such as gastroenteritis are not specific to water (may be 
foodborne) and most cases are not serious enough to warrant medical 
visits (USEPA, 1998). The contaminant source is often not identified. 
"With current surveillance programs, even an outbreak resulting in many 
medically attended illnesses in a large city could be unrecognized" (Frost, 
Craun and Calderon, 1996).  
              More than 100 types of pathogenic bacteria, viruses, and 
protozoa can be found in contaminated water (Feachem, Garelick and 
Slade, 1981). Many of these have been implicated in a variety of illnesses 
via waterborne and foodborne transmission (Table 5). From 1971 to 1996 
there were 674 outbreaks in the United States, including chemical 
outbreaks (approximating 25-26 outbreaks per year). In the last few years 
there have been 10-12 per year (Levy et al., 1998). For 1993-1994, an 
estimated 405366 people became ill in the United States from consuming 
contaminated drinking water (Ford, 1999).  
Table 5.Health risks associated with selected waterborne pathogens. 
Health risk Type of pathogen Found in 
sewage 
Waterborne 
transmission 
Foodborne 
transmission 
Acute peritonitis Anisakis simplex - +(recreational) + 
arthritis Giardia,Salmonell
a, Campylobacter 
+ + + 
Aseptic meningitis Echoviruses, 
Coxackieviruses 
+ + + 
Cancer, peptic 
ulcer 
Helicobacter 
pylori 
+/- 
presumed 
in faeces 
+/- preliminary 
in ground water 
+ 
cholera V. cholerae - + + 
Many enteric 
viruses 
+ + + 
Norwalk virus + + + 
Diarrhoea and 
Gastroenteritis 
Giardia, 
Cryptosporidium 
+ + - 
Salmonella, E. 
coli 0157 
+ + + 
Shigella species,  + + + 
Calicivirus + + + 
Rotaviruses + + + 
Astroviruses, 
enteroviruses 
- + + 
Granuloma  Mycobacterium 
marinum 
- + - 
Heart disease Coxackie B virus + + + 
Insulin diabetes Coxackie B virus + + + 
E. coli 0157 + + + 
microsporidia + + +/- 
cyclospora + + + 
Kidney failure 
V. vulnificus - - + 
Hepatitis A virus + + + Liver failure 
Hepatitis E virus - + - 
Wound infection V. alginolyticus - + - 
Woundinfection, 
gastroenteritis 
V.parahaemolytic
us 
- + + 
+: refer to being associated with.  -: not associated with. +/-: possible or 
suspected linkage.    Adapted from the National research council, 1998. 
              A large number of drinking water outbreaks have been related to 
protozoan parasites. The largest drinking water outbreak ever 
documented occurred in Milwaukee in 1993 and was caused by 
Cryptosporidium parvum. This outbreak resulted in an estimated 403000 
cases of intestinal illness and 54 deaths among immunocompromised 
individuals (Hoxie et al., 1997). Cryptosporidium, a protozoan that 
completes its life cycle within the intestines of mammals, is shed in high 
numbers in the form of infectious oocysts dispersed in faeces. The 
Milwaukee water supply, which is treated by filtration and disinfection 
(chlorination), comes from Lake Michigan. However, because of a 
preceding period of heavy rainfall and run–off, there was a decrease in 
raw water quality along with a diminished effectiveness of the system's 
coagulation–filtration process, which in turn led to increased turbidity of 
the treated water and inadequate removal of the oocysts (Mackenzie et 
al., 1994). Other waterborne cryptosporidiosis outbreaks have been 
reported worldwide, and rainfall has been mentioned as playing a role in 
a number of them (Craun, 1998).  
              C. parvum is a common cause of diarrhoea in AIDS patients in 
both the developed and developing worlds, with reported prevalence rates 
of 3.6% in the United States to about 50% in Africa (Rose, 1997). The 
Nevada outbreak was associated with water from Lake Mead that was 
both filtered and chlorinated. Researchers in Brazil reported that 
Cryptosporidium was the most common cause of diarrhoea in AIDS 
patients, and disease incidence showed a distinct seasonality, suggesting 
an association with rainfall (Wuhib et al., 1994).  
              Reporting of cryptosporidiosis cases to the Centers for Disease 
Control and Prevention  began in 1995 with 2972 cases reported from 27 
states. In 1997, 2566 cases were reported from 45 states. These numbers 
probably underreport the national incidence of cryptosporidiosis, and 
laboratories do not routinely test for C. parvum infection (CDC, 1998).  
              Giardia lamblia is the second most common pathogenic parasite 
in the United States and the most common identifiable etiologic agent of 
waterborne outbreaks. Like Cryptosporidium, the protozoan produces a 
cyst that is shed in the faeces of human and animal. Rainfall has been 
implicated in a waterborne outbreak of giardiasis (Weniger et al., 1983).  
              Among the other water–related diseases, Legionnaire disease is a 
respiratory illness transmitted solely by water. The bacterium Legionella 
grows in natural waters, pipes, distribution systems, and water–and air 
conditioning systems and is inhaled through contaminated aerosols 
produced from showers, humidifiers, and cooling towers. Water 
temperature among other factors (e.g., nutrients, association with free–
living amoebas, such as Acanthamoeba) are known to influence the 
potential for Legionella to colonize water systems (Helms et al., 1983).  
2. 11. 2.  Untreated  sewage  disposal: the  story  of combined 
sewer overflows:  
              Contamination of the marine and freshwater environment may be 
caused by human waste disposal through raw waste or septic tanks, 
inadequately disinfected sewage effluents, outfalls, and storm water. One 
critical, continuing threat to water quality and public health is the use by 
many communities of combined sewer systems. These systems are 
vestiges of early sanitation efforts designed to carry both storm water and 
sanitary wastewater through the same pipe to a sewage treatment plant. 
During periods of rainfall or snow melt, the volume of water in the 
system can exceed the capacity of the sewer system or treatment plant; in 
such a situation, the system is designed to overflow and discharge the 
excess wastewater directly into surface water bodies. Because such CSOs 
contain untreated human and industrial waste, they can carry solids, 
oxygen–demanding substances, ammonia, other potential toxics, and 
pathogenic microorganisms associated with human disease and faecal 
pollution to the receiving waters, precipitating beach closings, 
shellfishing restrictions, and other water body impairments (Persiasepe, 
1998). The USEPA estimates that CSOs and other wet weather pollution 
sources such as storm water run–off cause about half of the estuary 
contamination nationwide. 
              There are currently 950 communities in the United States that 
have combined sewer systems, primarily in the Northeast and Great 
Lakes regions. Most serve small communities (less than 10000 people); 
exceptions include New York, Philadelphia, and Atlanta. The USEPA 
(1994) issued a CSO Control Policy in 1994  intended to control CSOs 
through the national wastewater discharge permitting system, and it has 
issued a series of implementing guidelines to municipalities. The goal of 
the CSO Control Policy was to reduce the number of overflows by about 
85%, reduce loadings of suspended solids from 3.7 billion pounds to 1.29 
billion pounds per year, and reduce discharge of oxygen–demanding 
pollutants from 1150 million pounds to 650 million pounds per year 
(Helms et al., 1983). These controls may or may not affect microbial 
contaminants. The USEPA reported in May 1998 that after 4 years just 
over half of the communities (52%) with CSOs had implemented the nine 
minimum technology–based controls intended to reduce the number and 
impact of CSOs (Persiasepe, 1998). Another 25% that had not 
implemented the controls were under an enforceable requirement to do so 
in the future (Persiasepe, 1998 and USEPA, 1994). 
2. 11. 3. Recreation–related waterborne diseases:  
              Another direct exposure pathway to waterborne pathogens 
(bacteria, parasites, and viruses) and toxins is through recreational 
activities such as swimming, fishing, or boating in contaminated waters 
(Dufour, 1984). The presence of microbial contaminants in freshwater 
bodies and marine waters has been associated with eye, ear, nose, skin, 
respiratory, gastrointestinal (including gastroenteritis and hepatitis), and 
other infections (USEPA, 1994).  
              Contamination of recreational waters can result from numerous 
sources, including urban and nonurban run–off, industrial pollution, 
storm waters, human and animal wastes, and indigenous sources such as 
red tides. During 1996 nearly 3700 beach closings and advisories were 
issued at U.S. ocean, bay, and Great Lakes beaches (National Research 
Council, 1998). The detection of excessive concentrations of bacteria 
caused 83% of the closings. Haile et al. (1999) found increased illness 
due to swimming in contaminated ocean water in relationship to the 
proximity of storm drains to the beach.  
              The strongest evidence linking infectious diseases to faecally 
contaminated marine water activities comes from prospective 
epidemiologic studies (Pruss, 1998). For example, in a prospective cohort 
study, Cabelli et al. (1982), reported a linear relationship between the 
incidence of gastroenteritis among swimmers and counts of marine 
enterococci and E. coli. They found that the frequency of gastrointestinal 
symptoms was inversely related to the distance from known municipal 
wastewater sources.  
              Marine Vibrio bacteria, one of which can cause cholera  can also 
cause swimming–related illnesses (Epstein, 1993).  
2. 12. Foodborne diseases: 
              In the United States foodborne diseases are estimated to cause 76 
million cases of illness, with 325000 hospitalizations and 5000 deaths per 
year (Mead et al., 1999). Foodborne diseases may be one of the most 
significant contemporary public health problem, not only because of the 
large number of cases reported and the associated economic costs 
(Motarjemi and Kaferstein, 1997), but also because many of the causative 
organisms are newly recognized. For example, CDC believes that a new 
bacterial pathogen, E. coli O157:H7, was responsible for outbreaks of 
gastroenteritis associated with ingestion of undercooked ground beef 
since the 1980s (CDC, 1999a). Other foodborne pathogens also include 
Listeria monocytogenes, which can cause meningitis, and Campylobacter, 
which causes diarrhoea. Other factors in the emerging number of threats 
to food safety in the United States include: 
 a) the growing susceptible population, including the elderly and 
immunocompromised (AIDS, transplant and cancer patients, and other 
debilitating conditions such as diabetes). 
b) the lowering of international trade barriers, which has resulted in 
increased importation of food from global markets. 
 c) changing food–processing  technology.  
d) developing national and international food safety policy, and  
e) changing food consumption patterns (i.e., more fresh fruits and 
vegetables). The National Food Safety Initiative was established in 1997 
to deal with these issues, and in 1998 the President's Council on Food 
Safety was formed as an advisory group to further develop a 
comprehensive strategic plan for federal food safety initiatives.  
2. 12. 1.  Foodborne  diseases  related  to  water  
contamination:  
              The water–food connection is apparent, as microbial agents in 
water (e.g., viruses, bacteria, and protozoa) can contaminate food. For 
example, there have been instances of fresh fruits and vegetables 
contaminated via irrigation waters (Tauxe, 1997). Fish and shellfish from 
contaminated waters have also been major sources of foodborne diseases 
in the United States (CDC, 1996). Seafood illnesses from biotoxins in 
marine environments are discussed below in the subsection on coastal 
water issues. To date, no study has adequately estimated the proportion of 
foodborne diseases associated with contaminated water.  
    Shellfish–associated  outbreaks of gastroenteritis have involved 
a variety of bacterial pathogens, both faecal associated and naturally 
occurring, including Salmonella typhi, Campylobacter spp., Vibrio spp., 
V. cholerae, V. vulnificus, and V. parahaemolyticus (Table 6). V. 
cholerae, responsible for outbreaks of cholera around the world, has been 
found in plankton and fish in ponds and coastal waters of pandemic areas 
(Colwell, 1996). However, the local environment interacts with microbial 
spread in multiple and complex ways. V. vulnificus is a naturally 
occurring estuarine bacterium that causes a high percentage of mortality 
associated with contaminated shellfish consumption (Johnston, Becker 
and McFarland, 1985). 
 Table 6. foodborne outbreaks associated with fish and shellfish. 
Reference Findings 
Blake 
(1983) 
Repeated incidents of high levels of V. vulnificus that occurred 
off the coast of Apalachicola, Florida, which produces 15 % of 
the nation's supply of oysters resulted in closures that cost the 
seafood industry $9 million per year. 
CDC 
(1993a) 
V. vulnificus found in oyster from Gulf of Mexico and the 
Chesapeake Bay was associated with illness and death in 
persons with preexisting liver disease. 
CDC 
(1998) 
In the summer of 1997 an outbreak of V. parahaemolyticus 
infections in western united states was associated with 
consumption of raw oysters. As a result, oyster beds in 
Washington state was closed by public health officials.  
ProMED 
(1998) 
In 1998 there were numerous reports of oysters from 
Galveston, Texas, and the U. S. Northwest coast contaminated 
with V. parahaemolyticus 
CDC 
(1999c) 
In the summer of 1998 an outbreak of V. parahaemolyticus was 
traced to consumption of raw oysters and clams from Long 
Island Sound. 
CDC 
(1993b) 
Norwalk like viruses contaminated oysters bed in several areas 
along the Gulf of Mexico, leading to outbreak of gastroenteritis 
and to recall of shellfish.    
Mackenzie 
(1988) 
Several deaths and symptoms of Amnesia were associated with 
consumption of mussels contaminated with domoic acid 
(abiotoxin originating from diatoms; Pseudonitzscha spp) in the 
Canadian maritime region.  
Steidinger 
(1993)   
Ingestion or inhalation of brevetoxin from G. breve contributed 
to mass mortalities of mammals and to reported human illness 
in Florida.  
Price et al. 
(1991) 
Ingestion of shellfish contaminated with Alexandrium spp 
dinoflagellates was associated with symptoms of numbness and 
tingling of the face and other body parts.  
Desylva 
(1994) 
Benthic Gambierdiscus, Prorocentrum, Ostreopsis and Coolia 
spp, toxic dinoflagellates were associated with Ciguatera Fish 
Poisoning (CFP) in the Florida key. CFP is due to 
bioaccumulation of toxin from consumption of top-predator 
reef fish species, such as Barracuda. 
              Many studies have linked food borne disease with consumption 
of raw or partially cooked shellfish that contained viruses from human 
sewage (LeGuyader et al., 1996). These viruses are abundant in marine 
systems (Birch and Gust, 1989). Indeed, viruses are found in 
concentrations ranging from hundreds to thousands (as high as 3000/L) in 
sewage and storm waters that may impact estuaries (National Research 
Council, 1998). Because viruses are heat resistant, outbreaks have 
occurred from the consumption of baked, broiled, steamed, or fried 
shellfish. In the United States, hepatitis A was the predominant seafood–
related disease reported in the 1960s. Today, acute gastroenteritis is most 
prevalent (LeGuyader et al., 1996), frequently caused by small round–
structured viruses (calciviruses) such as Norwalk and Norwalk like 
viruses.  
2. 12. 2. Coastal water issues: 
              Consumption of fish and shellfish contaminated with biologic 
toxins (biotoxins) is associated with a number of diarrhoeal and paralytic 
human diseases (Mills and Passmore, 1988). The most common are 
microalgal toxins from HABs. In general, algal blooms result from the 
rapid reproduction and localized dominance of phytoplankton. Marine 
and estuarine HABs can cause shellfish and tropical fish poisoning, 
wildlife disease and mortality, and disease in human who ingest 
contaminated seafoods (Steidinger, 1993). Ciguatoxin (from a few reef 
fish species), scombrotoxin (from tuna, mackerel, bluefish, and a few 
other species), and raw mollusc consumption represent more than 90% of 
outbreaks and 75% of individual cases of seafoodborne illnesses reported 
to the Centers for Disease Control and Prevention from 1978 to 1987 
(Garrett, dos Santos and Jahncke, 1997).  
              Several toxic dinoflagellates (e.g., Alexandrium, Gymnodinium, 
Pyrodinium, Dinophysis, Prorocentrum spp.), diatoms (e.g., 
Pseudonitzschia spp.), and cyanobacteria (e.g., Anabaena spp.) are 
associated with human shellfish poisonings (Steidinger, 1993). Outbreaks 
have clustered in the Northeast, Florida, and the Gulf States and resulted 
in beach and shellfish bed closings. In addition, there are reports of 
introduction of harmful algal species via ballast water or aquaculture into 
areas favorable for their proliferation (Carlton and Geller, 1993). An 
additional potential public health threat is respiratory irritation from 
aerosolized inhalation of toxic sea spray in the vicinity of a bloom (Asai 
et al., 1982). A possible new health risk currently under study is possible 
estuary–associated syndrome, comprising a range of neurologic 
symptoms, including memory loss and learning dificulty, from exposure 
to coastal waters harboring the Pfiesteria piscicida dinoflagellate (CDC, 
1999b). A variety of freshwater and estuarine animals are at risk for 
disease from HABs (Anderson, 1994). In addition, cattle, other livestock, 
and wildlife are at risk from toxic cyanobacterial blooms in freshwater 
systems (Falconer, 1993). Contamination of beaches and shellfish beds 
and its effects on marine wildlife and other animals can have wide–
ranging and negative economic impacts on seafood industries, recreation, 
tourism, and the livelihoods of communities.  
2. 13. Microbiological  examinations  of  water  and methods 
of analyses : 
              Microbiological examination offers the most sensitive test for the 
detection of recent and potentially dangerous faecal pollution, thereby 
providing a hygienic assessment of water quality with high sensitivity and 
specificity. For this reason it is important to examine a drinking water 
source frequently by a simple test rather than infrequently by a more 
complicated test or series of tests. It is ideal to look for individual specific 
pathogen but it is not practical since they are few in number rather than 
non pathogenic organisms and method to detect them are costly in time 
and money. Therefore indicators of human/animal pollution e.g coliform 
are used. Faecal streptococci are regularly present in the faeces in varying 
numbers but their number is fewer than E. coli and they probably die and 
disappear at the same rate. The presence of faecal streptococci along with 
coliform in absence of E. coli is also confirmatory of faecal pollution 
(WHO,1998). 
              There are a variety of methods and media available for the 
detection and enumeration of indicator organisms. Two manuals that go 
into great detail describing these techniques are Standard Methods for the 
Examination of water and wastewater and Microbiological Methods for 
Monitoring the Environment : Water and Wastewater. A brief listing of 
the method types is presented below: 
1. Multiple–tube most probable number (MPN) fermentation 
technique: This method is applicable for treated and untreated 
water; however, untreated water will likely require a greater 
dilution range. Statistical tables (MPN tables) are utilized to 
determine the number of bacteria present and the range in the 95% 
confidence intervals based on the number of positive culture tubes. 
The procedure has three steps, presumptive, confirmed, and 
completed, that can take several days to complete. 
2. Membrane filter procedure: this method will result in discrete 
bacterial colonies that may be further identified. Highly turbid 
water and noncoliform bacteria can interfere with the test. This 
test can require the processing of several sample dilutions in order 
to obtain filter plates with the appropriate range of colonies for 
valid enumeration. 
3. Presence–absence test: A qualitative test, rather than quantitative, 
that can be used on routine water distribution samples. Positive 
water samples would be further analyzed. 
4. Defined–substrate: Media to which special, selective components 
have been added. Such additives help identify the target organism 
through color changes or other responses. The responses are 
brought about through metabolic or enzymatic processes specific 
to the target organism (Wilkes university, 1998).    
              Multiple–tube method or the Most Probable Number of 
organisms present is the method of choice because it is applicable to all 
kinds of water: it can be used with clear, colored or turbid water 
containing sewage or sewage sludge , or mud and soil particles provided 
that the bacteria are homogenously distributed in the prepared test 
samples (WHO, 1998 ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER THREE 
Materials and Methods 
 3. 1.The study area : 
              Water samples were collected from different stations along the 
coastal line and the open waters of the Red Sea. Nine  stations of sample 
collection were located at Port Sudan area – the first from the open sea – 
whereas the 10th located at Suakin ( fig. No.1 and 2 ) 
              From each station five samples were collected each spaced at 
distances of about 100 m from the other along the coastal line.  
3. 2. Sampling: 
              Sampling was performed in a systematic manner to reduce the 
variations between individual results. For this reason it was necessary to 
maintain as many factors as possible constant. These included both the 
actual period of sampling (i.e. time of day) and the actual sampling 
methods as well as locations and depths of individual sampling points. 
              Glass bottles of 250 ml volume, wide–mouthed and with ground 
glass stoppers, were used in sampling. A common method of sampling 
directly beneath the surface was done by opening the bottle and filling it 
by holding it by the lower part, submerging it to a depth of about 20cm 
with the mouth facing slightly upwards then stopperring the bottle and 
labeling it. 
              Samples collected were transported as soon as possible to the 
laboratory and examined within 2 hr or refrigerated. 
 
 
 
 
 
Fig. 1: A map of Port Sudan shows the sampling station No.1 - 9  
 
s : station 
 
 
 Fig. 2: A map of Suakin shows the sampling station No. 10  
  
s : station 
 
 3. 3. Preparation of culture media and reagents: 
3. 3. 1. Reagents and indicators: 
3. 3. 1. 1. Reagents: 
 Most reagents were obtained from British Drug House (BDH).  
 3. 3. 1. 1. 1. Sodium chloride/normal saline:  
 Normal, physiological, or isotopic saline was prepared as described 
in Oxiod manual by dissolving 8.5 g of sodium chloride in 1 liter of 
distilled water to obtain 0.85% concentration.  
  3. 3. 1. 1. 2. Hydrogen peroxide (H2O2) (BDH): 
 This was prepared as 3% aqueous solution and used for catalase 
test. 
 3. 3. 1. 1. 3. Potassium hydroxide (Hopkin and Williams): 
 This was prepared as 40% solution and used for V. P test.  
 3. 3. 1. 1. 4. Kovac’s reagent: 
 This reagent composed of 5g of  para–dimethyl  amino 
benzaldehyde, 75 ml amyl alcohol and 25 ml concentrated hydrochloride 
acid. 
 3. 3. 1. 1. 5. Lead acetate: 
 Filter paper 4–5 mm wide and 50-60 long were impregnated in lead 
acetate saturated solution and then dried. It was used for hydrogen 
sulphide prduction test.  
 3. 3. 1. 1. 6. Potassium hydroxide and hydrochloric acid:  
     Solutions of potassium hydroxide and hydrochloric acid were used to 
adjusting pH.  
 3. 3. 1. 1. 7. Methyl red solution (BDH): 
 This solution was prepared by dissolving 0.04 g of methyl red in 40 
ml ethanol and volume was made up to 100 ml with distilled water. 
 3. 3. 1. 1. 8. Alpha–naphthol solution (Hopkin and Williams): 
 This solution was prepared  as  5% solution and used for V. P test. 
 3. 3. 1. 1. 9. Tetramethyl–P–phenyline diahyrochloride (Hopkin and 
Williams): 
 This reagent was prepared as 1% aqueous solution and it was used 
for oxidase test. 
 3. 3. 1. 1. 10. Gram stain reagents: 
 3. 3. 1. 1. 10. 1. Lugol’s iodide: 
Formula: 
• Potassium Iodine ……………20 g 
• Iodine ………………………10 g 
• Distilled water ……………….1 liter 
  Potassium iodide was dissolved in water. Iodide was added to 
potassium iodine solution and mixed well. The solution was made up to 1 
liter with distilled water mixed well and then stored in dark place at room 
temperature. 
3. 3. 1. 1. 10. 2. Crystal violet: 
Formula: 
• Crystal violate………….….20.0 g 
• Ammonium oxalate…………9.0 g 
• Ethanol ……………..Up to 95 ml 
 Alcohol was added to crystal violet and mixed well until the dye 
was completely dissolved. Ammonium oxalate was weighted and 
dissolved in about 200 ml of distilled water, added to stain and made to 1 
liter with distilled water and mixed well then stored at room temperature.  
3. 3. 1. 1. 10. 3. Acetone–alcohol decolorizer: 
Formula: 
• Acetone………………………500 ml 
• Ethanol or methanol, absolute…475 ml 
• Distilled water………………….25 ml 
              Distilled water was mixed well with alcohol, acetone was 
measured and added immediately to alcohol solution, mixed well and 
stored at room temperature. 
3. 3. 1. 1. 10. 4 Diluted carbol fuchsin: 
              One volume of strong carbol fuchsin was added to 10–20 volume  
of distilled water to prepare diluted carbol fuchsin.  
Strong carbol fuchsin consists of two solutions: 
1. Solution A: 10 g of basic fuchsin were mixed with 10 ml of 
ethanol (95%) and dissolved in stoppered bottle and kept at 37C 
overnight. 
2. Solution B: 5 g of phenol were mixed with 100 ml of distilled 
water and dissolved. 
Strong carbol fuchsin was prepared by pouring 10 ml of solution A  
into 100 ml of solution B.  
 3. 3. 1. 2. Indicators: 
 3. 3. 1. 2. 1. Bromothymol blue (BDH): 
 This was prepared by dissolving 0.2 g of bromothylmol blue 
powder in 100 ml distilled water. 
 3. 3. 1. 2. 2. Andrade’s indicator: 
 It composed of acid fuchsin 5 g, distilled water 1 liter and N–
NaOH 150 ml. It was prepared  by dissolving the acid fuchsin in distilled 
water then 150 ml of alkali solution was added, mixed and allowed to 
stand at room temperature for 24 hr with frequently shaking until the 
color changed from red to brown.  
 3. 3. 1. 2. 3. Bromocrysol purple: 
 Bromocrysol purple (0.2%) was added to 37 ml of 0.05 N- NaOH 
then to 63 ml distilled water. 
 
 
3. 3. 2. Culture media: 
3. 3. 2. 1. Liquid media: 
3. 3. 2. 1. 1. Azide Dextrose Broth (Difco): 
Code No.(B 387) 
FORMULA 
1. Bacto–Beef Extract …………4.5 g 
2. Bacto–Tryptone ……………15.0 g 
3. Bacto–Dextrose ………….….7.5 g 
4. Sodium Chloride ……….…...7.5 g 
5. Sodium Azide ……………....0.2 g 
              To rehydrate the medium, 34.7 g Bacto–Azide Dextrose Broth 
were dissolved in 1000 ml distilled water, pH was adjusted to 7.2, 
distributed in tubes and sterilized in the autoclave for 15 min at 121C. 
Inocula of 1 loop or 1 ml was added to 10 ml or more of medium. The 
medium was prepared in multiple strength for large inocula to preserve 
the correct concentration of ingredients.  
3. 3. 2. 1. 2. Brain Heart Infusion Broth (Oxoid): 
Code No.– powder CM225 
FORMULA 
1. Calf Brain infusion solids…………. 12.5 g 
2. Beef Heart infusion solids …………..5.0 g 
3. Proteose peptone (Oxoid L46) ……10.0 g 
4. Dextrose……………………………2.0 g 
5. Sodium chloride ……………………5.0 g 
6. Disodium phosphate………………...2.5 g 
pH 7.4 
              To rehydrate the medium, 37g were added to 1 liter of distilled 
water, mixed well, distributed into final containers (tubes) and sterilized 
by autoclaving at 121C for 15 min. 
3. 3. 2. 1. 3. MacConkey Broth (purple) (Oxoid): 
Code No.– powder CM5a 
FORMULA 
1. Peptone (Oxoid L37) ………..… 20.0 g 
2. Lactose ………………………....10.0 g 
3. Bile salts (Oxoid L55)…………….5.0 g 
4. Sodium chloride ………………….5.0 g 
5. Bromo–cresol purple …....……....0.07 g 
pH 7.4 
              To prepare single strength broth, 40 g were added to 1 liter of 
distilled water. Distributed into containers fitted with Durham's tubes. 
Sterilized by autoclaving at 121C for 15 min. 
3. 3. 2. 1. 4. MR–VP medium (Oxoid) : 
Code No. CM 43 
FORMULA 
1. Peptone p (Oxoid L49) ………… 5 g 
2. Dextrose …………………….….5 g 
3. Phosphate buffer …………….….5 g 
pH 7.5 
              Of the powder, 15 g were added to 1 liter of distilled water. 
Mixed well, distributed into final containers and sterilized by 
autoclaving at 121C for 15 min. 
3. 3. 2. 1. 5. Nitrate medium (Barrow and Feltham, 1993): 
 FORMULA 
1. Potassium nitrate………………… 0.2 g 
2. peptone ………………………….5.0 g 
              Solid ingredients were dissolved into 1000 ml distilled water. 
The medium mixture was distributed in 5 ml amount in test tubes and 
then autoclaved for 15 min at 121C. 
3. 3. 2. 1. 6. Peptone Water (HIMEDIA): 
Code No. M 028 
FORMULA 
1. Peptic Digest of animal tissue ……....10.0 g 
2. Sodium Chloride ……………………5.0 g 
pH 7.2 ± 0.2 
              To rehydrate the medium, 15 g were suspended in 1000 ml 
distilled water, mixed well, dispensed into tubesand Sterilized by 
autoclaving at 121C for 15 min. 
3. 3. 2. 1. 7. Peptone Water Sugars (Barrow and Feltham, 1993): 
FORMULA 
1. peptone water..……………10 g 
2. Carbohydrates.. …………. 10 g 
3. Andrade’s indicator………..10 ml 
              Solid ingredients were dissolved in 1000 ml distilled water. The 
pH was adjusted to 7.1-7.3 before the addition of Andrade’s indicator. 
The complete medium was mixed, distributed into 2 ml volumes into test 
tubes containing Durham’s tube (for gas trapping in case of glucose) and 
sterilized by autoclaving at 115Cfor 10 min.  
3. 3. 2. 1. 8. Selenite Broth Base (Oxoid): 
(Mannitol Selenite Broth Base) 
Code No. – powder CM395 
               Sodium Biselenite L121 
FORMULA 
1. Bacteriological peptone (Oxoid L34) ….. 5 g 
2. Lactose ………………..………………4 g 
3. Sodium phosphate …..………………..10 g 
              Of the powder, 19 g were added to 1 liter of distilled water to 
which 4 g of Sodium Biselenite (Oxoid L 121) has been added. The 
preparation was warmed until dissolved completely, mixed well and filled 
out into containers to a depth of 5 cm (10 ml). sterilized in a boiling water 
bath for 10 min  and not be autoclaved. 
3. 3. 2. 2. Semisolid media: 
3. 3. 2. 2. 1. Motility test medium–Cragie tube medium (Barrow and 
Feltham, 1993):  
FORMULA 
1. Nutrient broth (Oxoid)…….. 13 g 
2. Agar (Oxoid agar No. 1) ……5 g 
              Of dehyetrated nutrient broth, 13 g were added to 5 g of agar and 
were dissolved in 1 liter of distilled water. The pH was adjusted to 7.4. 
The medium was then dispended in volumes of 5 ml into 20 ml capacity 
test tubes containing Cragie tubes. The medium was then sterilized by 
autoclaving at 121C for 15 min. 
3. 3. 2. 2. 2. Oxidation–fermentation medium (Barrow and Feltham, 
1993): 
FORMULA 
1. Peptone …………………….…………2.0g 
2. Sodium Chloride ……………………...5.0g 
3. Di-potassium hydrogen orthophosphate ..0.3g 
4. Dextrose ……………………………..10.0g 
5. Agar (Oxoid agar No. 1)…………........3.0g 
6. Bromothymole blue …………………...15ml 
pH 7.1 
              The solid ingredients were dissolved in 1000 ml distilled water 
and the pH was adjusted before the indicator and agar were added. The 
medium was then dispensed in tubes and sterilized by autoclaving at 
121C for 15 min. 
3. 3. 2. 3. Solid media: 
3. 3. 2. 3. 1. Ammonium salt sugars (ASS) (Barrow and Feltham, 
1993): 
FORMULA 
1.  (NH4)2HPO4 …………………………..... 1.0 g   
2. KCL ……………………………0.2g  
3. MgSO4.7H2O…………………...0.2g  
4. Yeast extract…………………….0.2g 
5. Agar …………………………...20.0g 
6. Distilled water…………………1000 ml  
7. Bromocrysol purple,………. 0.2% 0.04 ml.     
              Solids were added to distilled water and dissolved by steaming 
then indicator was added and sterilized by  autoclaving at 115C for 20 
min. The basal medium was allowed to cool to about 60C and then  
appropriate carbohydrate was added as a sterilized solution to give final 
concentration 1%,  mixed and distributed aseptically into sterile tubes that 
allowed to solidify in an inclined position so that the medium set in slope 
and butt. 
3. 3. 2. 3. 2. Bile Esculin Azide Agar (Barrow and Feltham, 1993): 
FORMULA 
1. Oxbile, dehydrated …….……40.0 g 
2. Esculin …………………….….1.0 g 
3. Ferric citrate ………………….0.5 g 
4. Sodium azide …………………0.2 g 
5. Agar …………………….…..15.0 g 
6. Nutrient broth ………………..1000 ml 
              All of the ingredients except Esculin were dissolved by heating. 
Allowed to cool and then Esculin was added. The medium was then 
dispensed in screw–capped bottles, sterilized at 115C for 20 min and 
allowed to set as slopes. 
3. 3. 2. 3. 3.  Kligler  Iron  Agar  (KIA),  modified (HIMEDIA): 
Code No. – M078A 
FORMULA 
1. Casein Enzymic Hydrolysate …………..20.0 g 
2. Beef Extract …………………………….3.0 g 
3. Yeast Extract ………………………...…3.0 g 
4. Sodium Chloride ………………………..5.0 g 
5. Lactose  ……………………………....10.0 g 
6. Glucose (Anhydrous) …………………...1.0 g 
7. Ferrous sulphate ………………………..0.2 g 
8. Sodium Thiosulphate, 5H2o ………….…0.3 g 
9. Phenol Red ……………………………..0.25 g 
10. Agar ……………………………….....15.0 g 
final pH 7.4 ± 0.2 
              T o rehydrate the medium, 57.3 g of the powder were suspended 
in 1000 ml distilled water and boiled until dissolved completely. The 
medium was then dispensed in tubes and sterilized by autoclaving at 
121C for 15 min. The tubes were allowed to cool in slanted position. 
3. 3. 2. 3. 4.  MacConkey Agar (Oxoid) : 
Code No.– powder CM115 
FORMULA 
1. Peptone (Oxoid L37) ……………… 20.0 g 
2. Lactose …………………………..…10.0 g 
3. Bile salts No 3(Oxoid L56)………..…..5.0 g 
4. Sodium chloride ………..……………..5.0 g 
5. Neutral red …………………………...0.03 g 
6. Crystal violet ……………………....…0.001 g 
7. Agar No. 3 (Oxoid L13) ..………..…15.0 g 
pH 7.1 
              Of the powder, 51.5 g were suspended in 1 liter of distilled 
water, brought to boiling until dissolved completely then sterilized by 
autoclaving at 121C for 15 min. The medium was then cooled to about 
50C and aseptically  poured into sterile Petri dishes in 20 ml amount 
3. 3. 2. 3. 5. Nutrient Agar (Oxoid): 
Code No. – powder CM3 
FORMULA 
1. 'Lab-lemco' powder (Oxoid L29) …... 1 g 
2. Yeast Extract (Oxoid L20) ………..….2 g 
3. Peptone (Oxoid L37) …………….......5 g 
4. Sodium chloride ………..…………….5 g 
5. Agar No. 3 (Oxoid L13) ….…………15 g 
pH 7.4 
              To rehydrate the medium, 28 g were suspended in 1 liter of 
distilled water, brought to boiling until dissolved completely then 
sterilized by autoclaving at 121C for 15 min. The medium was then 
cooled to about 50C and aseptically distributed in 20 ml amount per 
sterile Petri dish. 
 
  
3. 3. 2. 3. 6.  SS  Agar  (Salmonella–Shigella  Agar) (HIMEDIA): 
Code No.– M108 
FORMULA 
1. Peptic Digest of animal tissue……...5.0 g 
2. Beef Extract …………………….….5.0 g 
3. Lactose …………………………...10.0 g 
4. Bile Salts Mixture …………………..8.5 g 
5. Sodium Citrate …………………….10.0 g 
6. Sodium Thiosulfate …………………8.5 g 
7. Ferric Citrate ………………………..1.0 g 
8. Brilliant Green ……………………....0.00033 g 
9. Neutral Red ………………………....0.025 g 
10.Agar ……………………………..…15.0 g 
final pH 7.0 ± 0.2 
              To rehydrate the medium, 63.0 g were suspended in 1000 ml 
distilled water, heated to boiling with frequent agitation until dissolved 
the medium completely and not autoclaved or overheated. Overheating 
may destroy the selectivity of the medium. The medium was then cooled 
to about 50C, mixed well and aseptically poured into sterile Petri plates 
and left to solidify at room temperature on leveled surface. 
3. 3. 2. 3. 7. Simmon's Citrate Agar (Difco): 
Code No. (B 91) 
FORMULA 
1. Magnesium Sulfate………………….0.2 g 
2. Ammonium Dihydrogen Phosphate…1.0 g 
3. Dipotasium Phosphate …………...…1.0 g 
4. Sodium Citrate …………………...…2.0 g 
5. Sodium Chloride ……………………5.0 g 
6. Bacto–Agar …………..………..…..15.0 g 
7. Bacto–Brom Thymol Blue …..….…..0.08 g 
              To rehydrate the medium, 24.2 g were suspended in 1000 
ml distilled water and heated to boiling until dissolved completely and the 
pH was adjusted to 7.0. The medium was then dispended into Bijou 
bottles in portions of 5 ml each and sterilized in the autoclave for 15 min 
at 121C. Then the medium was left  to solidify in slope position. 
3. 3. 2. 3. 8. Urea Agar Base (Oxoid): 
Code No. CM53 
FORMULA 
1. Peptone (Oxoid L37) ……………...…1.0 g 
2. Dextrose ………………………..…...1.0 g 
3. Sodium Chloride ……………………..5.0 g 
4. Disodium Phosphate …………………1.2 g 
5. Potasium Dihydrogen Phosphate ….….0.8 g 
6. Phenol red …..……………………....0.012 g 
7. Agar No.3 (Oxoid L13) ……………..15.0 g 
pH 6.8 
              To rehydrate the medium, 2.4 g were suspended in 95 ml of 
distilled water, brought to boiling until dissolved completely. The 
medium was then sterilized by autoclaving at 115C for 20 min, cooled to 
50C and aseptically 5 ml sterilized distilled water to which 2 g of urea 
extra pure were dissolved, were added to it. Mixed well and distributed 
in 7 ml. amounts into sterilized containers and allowed to set in slope 
position. 
3. 4. 1. Determination of total coliform in sea water : 
              The method was suitable for the determination of total coliform 
in coastal bathing waters of both temperate and tropical seas and was 
designed to be used in sanitary surveillance of bathing beaches (ROPME, 
1999). 
              In the multiple–tube method different amounts of water to be 
tested were added to tubes containing a suitable culture medium. The 
bacteria present in the water reproduced and produced acid  with or 
without gas. From the number of tubes inoculated and the number with a 
positive reaction, the most probable number (MPN) of bacteria present in 
the original water sample was determined statistically. 
Procedure : 
              The following volumes of different strengths of MacConkey 
broth were set up in tubes and bottles each having an inverted Durham 
tube to detect the presence of gas and specified volumes of water were 
added as mentioned :  
- one 50 ml of water to 50 ml of double strength medium. 
- 5 , 10 ml quantities each to 10 ml double strength medium. 
- 5 , 1 ml quantities each to 5 ml single strength medium. 
- Incubation of the tubes and bottles at 37C for 18–24 hr. 
- Observing the change in color and appearance of gas in Durham 
tubes in the bottles. 
- The media received one or more of the indicator bacteria showed 
growth and a color change which was absent in those received an 
inoculum of water without indicator bacteria. Presence of both acid 
and gas indicated positive reaction whereas absence of either or 
both of these features denoted a negative reaction. 
- The presumptive positives were read and remaining negative 
bottles were reincubated for another 24 hr. Any further positives 
were added to the previous figures. The probable number of total 
coliforms were read from the probability tables of MPN  according 
to (Cheesbrough, 2000). 
- From the number distribution of positive and negative reactions, 
counts of the most probable number (MPN) of indicator organisms 
in the sample was estimated by reference to statistical tables. The 
test gave presumptive total coliform counts. The reaction observed 
may occasionally be due to the presence of some organisms other 
than coliform (WHO, 1998). 
 
 
3. 4. 2. Determination of faecal coliform in sea water : 
            Eijkman test (Eijkman, 1904) was usually done to confirm that the 
coliform bacilli detected in the presumptive test was E. coli, as some 
spore–bearing bacteria give false positive reactions in the presumptive 
total coliform test. 
Procedure :  
              After the presumptive test, subcultures were made from all tubes 
that showed acid and gas to fresh tubes of single strength MacConkey 
broth medium which was brought to 37C. These tubes were incubated at 
44.5C in thermostatically controlled water bath and examined after 24 hr. 
Those tubes which showed acid and gas, were these containing E. coli, 
the number was read from the McCrady table. E. coli was further 
confirmed by plating on MacConkey agar and tested for indole 
production and citrate utilization ( WHO, 1998 ). 
3. 4. 3. Determination of faecal streptococci in sea water: 
              The method described was suitable for the determination of 
faecal streptococci in coastal bathing waters of both temperate and 
tropical seas and was designed to be used in sanitary surveillance of 
bathing beaches (ROPME, 1999). 
Procedure: 
              The multiple tube technique (9230 B) from standard methods for 
the examination of water and wastewater (Clesceri, 1998) is an MPN 
method. The multiple tube method required a series of five tubes 
containing 10 ml of broth to be inoculated with appropriate quantities (10, 
1 and 0.1) of the water sample. Double–strength Azide Dextrose Broth 
was used for the 10 ml inocula. All other multiples used single–strength 
Azide Dextrose Broth in the initial step. The tubes of double–strength 
broth were inoculated with 10 ml of the original water sample. Next, 1 ml 
of the original to five single–strength tubes. Dilutions were then made 
to10¯¹ using sterile buffer in 9 ml dilution bottles. Using the appropriate 
dilution, 10¯¹ , 1ml of sample was inoculated to the remaining five tubes 
containing single strength broth. All tubes were incubated for 24 hr at 35 
± 0.5C. The tubes were examined for turbidity, or growth at the end of 
the 24 ± 2 hr. Tubes that did not exhibit growth, were reincubated for an 
additional 24 ± 2 hr and read again at the end of 48 ± 3 hr. All positive 
Azide Dextrose tubes were streaked onto a Bile Esculin Azide ( BEA ) 
agar plate. The plates were incubated agar side up or inverted, for 24 ± 2 
hr. All blackish–brown colonies with brown halos were confirmed faecal 
streptococci and were transferred to a tube containing brain–heart 
infusion ( BHI ) broth with 6.5% Nacl. 
              The BHI broth with 6.5% Nacl tubes were incubated for 24 hr at 
45 ± 0.5C. The tubes were examined for turbidity or growth at the end of 
24 ± 2 hr. Tubes that did not exhibit growth, were reincubated for an 
additional 24 ± 2 hr and read again at the end of 48 ± 3 hr. All positive 
tubes that exhibited growth at the end of 24 or 48 hr were confirmed 
enterococci. The number of positive BHI tubes (BHI broth with 6.5% 
Nacl) for each dilution series was recorded. The combination of positive 
BHI tubes at the various dilution determined the MPN/100 ml value taken 
from the MPN in Standard Methods for the Examination of Water and 
Wastewater according to ROPME (1999).                                                                         
3. 5. Isolation and identification of pathogenic bacteria in 
Sea Water : 
              An attempt of isolation and identification of pathogenic bacteria 
in sea water was done by taking 10 seawater samples  from different sites 
in the inner waters of Port Sudan (Khour Salalab) and inoculating them in 
containers of selenite broth medium. After an incubation period of 48 hr, 
the broth was streaked onto plates of MacConkey agar. Subcultures were 
also made at the same time in a new selenite broth medium which was 
streaked onto Salmonella–Shigella agar ( SSA ) after an incubation period 
of 48 hr. 
              Predominant colonies were frequently picked from both 
MacConkey agar and SSA agar and purification was done by repeated 
subculturing of isolated colonies onto these solid media. 
               Cultural characteristic, microscopical examinations and 
biochemical tests were used for identification of isolates which was done 
in accordance to Barrow and Feltham (1993). 
3. 5. 1. Gram stain: 
Smears were air–dried, fixed by heat and stained by the Gram method. 
3. 5. 2. Biochemical tests: 
              These tests were used for more detailed identification of isolated 
organisms, to determine the genus and species of bacteria. The 
biochemical tests used included :  
3. 5. 2. 1. Indole production: 
              Testing for indole production was important in the identification 
of enterobacteria. Most strains of E. coli break down the amino acid 
tryptophan with the release of indole.  Tubes of peptone water were 
inoculated with the test organism and incubated for 24 ± 2 hr at 35C and 
were test for indole production by adding 0.2–0.3 mL of Kovacs' reagent. 
Appearance of distinct red color in upper layer was a positive test. 
3. 5. 2. 2. Voges–Proskauer (VP)–reactive compounds: 
              The tubes of MR-VP broth medium were inoculated with the test 
organism and incubated for 48 ± 2 hr at 35C. 1 mL of the medium was 
transfered to 13 x 100 mm tube and 0.6 mL -naphthol solution and 0.2 
mL 40% KOH were added. The tubes were then shaked and left to stand 
for 2 hr. The test was a positive if eosin pink color was  developed. 
3. 5. 2. 3. Methyl red–reactive compounds:  
              After the VP test, MR–VP medium tubes were incubated 
additional 48 ± 2 hr at 35C, then 5 drops of methyl red solution were 
added to each tube. Appearance of distinct red color was a positive test. 
Yellow color was a negative reaction. 
3. 5. 2. 4. Citrate utilization test:  
              This test was one of several techniques used occasionally to 
assist in the identification of enterobacteria. The test was based on the 
ability of an organism to use citrate as its only source of carbon. Using a 
sterile straight wire, the slope of the medium was streaked with the test 
organism and then the butt was stabbed. The tubes were then incubated 
for 48 hr at 35C and observed for  a bright blue color in the medium. 
Bright blue color was a positive citrate test, no change in color of the 
medium was a negative citrate test.  
3. 5. 2. 5. Gas from Glucose:  
              Tubes of glucose sugar medium were inoculated with the test 
organism and incubated for 7 days at 35C. Gas production (displacement 
of the medium from inner vial (Durham's tube)) was a positive reaction. 
3. 5. 2. 6. Catalase test:  
              This test was used to differentiate those bacteria that produce the 
enzyme catalase such as Staphylococci, from non–catalase producing 
bacteria such as Streptococci. A drop of hydrogen peroxide solution was 
poured onto a glass slide. Using a sterile wooden stick, several colonies 
of the test organism were removed and suspended in the hydrogen 
peroxide solution and observed for immediate bubbling which indicated 
for a positive test.  
3. 5. 2. 7. Oxidase test:  
              This test was used to assist in the identification of Pseudomonas, 
Neisseria, Vibrio, Brucella and Pasteurella species all of which produced 
the enzyme Cytochrome Oxidase. A piece of filter paper was placed in a 
clean Petri dish and two or three drops of freshly prepared oxidase 
reagent were added. Using a piece of stick or glass rod (not an oxidized 
wire loop), a colony of the test organism was removed and smeared on 
the filter paper. Development of a blue–purple  color within a few 
seconds was a positive oxidase test.  
3. 5. 2. 8. Urease test:  
              Testing for urease enzyme activity was important in 
differentiating enterobacteria. Proteus strains are strong urease producers 
while E. coli do not produce urease. The test organism was heavily 
inoculated in a bijou or screw–capped bottles containing 7 ml sterile 
Christensen's modified urea agar and incubated at 35–37C for 24 hr and 
observed for development of a pink color in the medium. Pink color was 
a positive urease test, no pink color was a negative urease test. 
3. 5. 2. 9. Kligler Iron Agar test:  
              This test was used to help identify enterobacteria following 
isolation on a primary selective medium. The test was done by 
inoculating a tube of KIA medium by stabbing the butt and then streaking 
the slope with a zig–zag configuration. The tubes were then incubated 
overnight at 37C. 
• Yellow (acid) slope and yellow (acid) butt, indicated fermentation 
of glucose and lactose. 
• Pink–red (alkaline) slope and yellow (acid) butt, indicated 
fermentation of glucose but not lactose. 
• Craks in the medium indicated production of gas from glucose 
fermentation. 
• Blackening in the medium indicated production of H2S. 
 
 
3. 5. 2. 10. Motility test:  
              This test was used to assist in differentiation of enterobacteria. 
The test organism was stabbed into the Cragie tube inside the motility test 
medium using a straight wire and then incubated at 35–37C overnight. 
Proteus, E. coli and other motile enterobacteria exhibited turbidity and 
growth throughout the medium indicated a positive result, whereas non–
motile members, exhibited growth only along the line of inoculation 
inside the Cragie tube.  
3. 5. 2. 11. Sugar fermentation test: 
               This test was used to assist in differentiation of 
enterobacteria. Carbohydrate medium tubes were inoculated with the test 
organism, then incubated at 37C and examined daily for 7 days. 
Production of acid was indicated by appearance of reddish or pink color 
in the medium.  
3. 5. 2. 12. Oxidation–fermentation (O/F) test: 
 The test organism was inoculated by stabbing with straight wire 
loop into duplication test tubes of Hugh and Laifsons medium. To one of 
the test tubes, a layer of melted soft paraffin oil was added to the medium 
to seal it from air, both inoculated test tubes were incubated at 37C and 
were examined daily for 2 weeks. Yellow color in open tube only 
indicated oxidation of glucose, yellow color in both tubes denoted 
fermentation reaction and blue color in open tube and green color in 
sealed tube indicated production of alkali, and green in both tubes 
indicated no oxidation and no fermentation of glucose. 
3. 5. 2. 13. Hydrogen sulphide (H2S) production test:  
 This test was performed by two methods: 
a. Production of H2S in Kligler iron agar (KIA). 
A tube of KIA was inoculated by stabbing the butt and streaking the 
slope with the test organism, then incubated at 37C. The tubes were 
observed daily up to 7 days for blackening of the butt due to H2S 
production. 
b. H2S production was also examined  by lead acetate paper method. 
A tube of peptone water  medium was inoculated with the test 
organism and lead acetate paper was inserted between the cotton 
plug and tube. The tube was then  incubated at 37C and examined 
daily for a week, blackening of the paper was considered a positive 
result. 
3. 5. 2. 14. Nitrate reduction test: 
 The test culture was inoculated into nitrate broth and incubated at 
37C for 24 hr, then 1 ml of solution A followed by 1 ml of solution B of 
the nitrate test reagent were added. After few minutes’ development of 
red color was observed. If red color didn’t developed, zinc was added to 
see whether there was residual nitrate or not. Red color development 
indicated reaction by zinc but not by the test organism, whereas 
unchanged color indicated that nitrate in original medium had been 
reduced completely and nitrite was further broken down by the test 
organism.  
 
 
 
 
 
 
 
 
 
 
 
CHAPTER FOUR 
Results 
4. 1. Indicator bacteria counts per 100 ml sea water: 
              The three indicator bacteria used to assess the microbiological 
quality of sea water showed considerable variation between the stations 
and between the areas. High counts of indicator bacteria were observed in  
stations 4, 5, 6 and 7 which  located in the inner waters of Port Sudan area 
(khour Salalab and khour Kilab) whereas low counts of indicator bacteria 
were observed in both shoreline samples of Port Sudan area (stations 2, 3, 
8 and 9) and in the inner waters of Suakin (station 10). Indicator bacteria 
were not observed in station 1 which was located in the open sea water 
off Port Sudan area. 
 
4. 1. 1. Total coliform counts per 100ml sea water : 
              High total coliform counts per 100 ml sea water measured by the 
most probable number technique were observed in  station 4 – sample 5 – 
which were 180 per 100 ml sea water whereas low counts were  observed 
in both stations 2 and 9 in Port Sudan and station 10 in Suakin which 
were 1 per 100 ml sea water and no coliform bacteria were observed in 
station 1 that was located in the open sea water off Port Sudan (Tab. (7) 
and Fig.(3)). 
 
4. 1. 2. Faecal coliform counts per 100 ml sea water: 
              Faecal coliform counts per 100 ml sea water showed very similar 
results to that of total coliform. High counts of faecal coliform per 100 ml 
sea water, measured by the Eijkman test and the most probable number 
technique were observed in station 4 – sample 5 – which reached 180 per 
100 ml sea water and low counts were observed in both stations 9 and 10 
in Port Sudan and Suakin which were 1 per 100 ml sea water. No faecal 
coliform bacteria were observed in station 1 in the open sea water off Port 
Sudan. (Tab. (8) and Fig.(4)). 
 
4. 1. 3. Faecal streptococci counts per 100 ml sea water: 
              Faecal streptococci counts per 100 ml sea water showed higher 
variation than total and faecal coliform. High counts of faecal 
streptococci per 100 ml sea water were observed in station 6 – sample 5 – 
that reached 350 per100 sea water whereas no faecal streptococci were  
observed in both stations 8 and 10 and in station 1 in the open sea water. 
(Tab. (9) and Fig.(5)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7: Total coliform counts per 100 ml sea water in different samples 
from different stations 
STATION  NO. 
S10  S9  S8  S7  S6  S5  S4  S3  S2  S1 
SAMPLE 
NO. 
9  35  92  43  43  180  18  35  7  0  SAMPLE 1  
18  11  54  21  35  92  54  18  22  0  SAMPLE 2  
22  1  22  180  43  35  92  5  3  0  SAMPLE 3  
5  35  14  43  92  43  12  35  10  0  SAMPLE 4  
1  43  3  21  161  43  180  7  1  0  SAMPLE 5  
11.0 25.0 37.0 61.6 74.8 78.6 71.2 20.0 8.6 0.0 Mean 
 
Fig. 3: Total coliform counts per 100ml sea water 
in different samples from different stations
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Table 8:  Faecal coliform counts per 100 ml sea water in different 
samples from different stations 
STATION  NO.  
S10  S9  S8  S7  S6  S5  S4  S3  S2  S1  
SAMPLE 
NO. 
1  24  18  43  35  161  14  28  5  0  SAMPLE 1  
7  11  17  21  35  92  5  12  3  0  SAMPLE 2  
17  1  5  43  35  35  18  5  0  0  SAMPLE 3  
3  35  11  43  28  28  9  28  7  0  SAMPLE 4  
1  35  3  21  35  35  180  5  0  0  SAMPLE 5  
5.8 21.2 10.8 34.2 33.6 70.2 45.2 15.6 3.0 0.0 Mean 
  
Fig. 4: Faecal coliform counts per100ml sea water in 
different samples from different stations
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Table 9: Faecal streptococci counts per 100 ml sea water in different 
samples from different stations 
STATION  NO. 
S10  S9  S8  S7  S6  S5  S4  S3  S2  S1  
SAMPLE 
NO.  
4  5  0  55  275  140  175  225  4  0  SAMPLE 1  
20  50  2  225  275  225  20  25  4  0  SAMPLE 2  
20  2  0  275  45  45  4  12  2  0  SAMPLE 3  
0  13  0  225  170  45  30  30  4  0  SAMPLE 4  
0  9  0  250  350  40  225  17  2  0  SAMPLE 5  
8.8 15.8 0.4 206.0 223.0 99.0 90.8 61.8 3.2 0.0 Mean 
 
Fig. 5: Faecal streptococci counts per 100ml 
Sea water in different samples from different 
stations
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 Table 10: Mean values of total coliform, faecal coliform and faecal 
streptococci counts per100 ml  sea water in different stations 
Mean values of 
faecal streptococci 
Mean values of 
faecal coliform 
Mean values of 
total coliform 
Stations No.                        
0.0  0.0  0.0  Station 1 
3.2  3.0  8.6  Station 2  
61.8  15.6  20.0  Station 3  
90.8  45.2  71.2  Station 4  
99.0  70.2  78.6  Station 5  
223.0  33.6  74.8  Station 6  
206.0  34.2  61.6  Station 7  
0.4  10.8  37.0  Station 8  
15.8  21.2  25.0  Station 9  
8.8  5.8  11.0  Station 10  
  
  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
Fig.6: Mean values of total coliform, faecal coliform 
and faecal streptococci counts per 100 ml sea water 
in different stations
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Fig. 7: Mean values of total coliform count per 100 ml sea 
water in different stations
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Fig. 8: Mean values of faecal coliform counts per 100 
ml sea water in different stations
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Fig. 9: Mean values of faecal streptococci counts per 100 
ml sea water in different stations
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4. 2. Pathogenic bacteria in sea water: 
              No primary pathogenic bacteria were isolated from the sea water 
samples, but some opportunistic pathogens have been isolated and 
identified as shown in the table below. 
Table 11: Bacterial species isolated from inner waters of Port Sudan area 
(khour Salalab).  
 
Bacterial species  
No. of samples 
examined 
No. of 
isolates 
Percentage 
Escherichia coli  10 5 22.7 % 
Klebsiella pneumoniae  10 2 9.2 % 
Proteus mirabilis  10 8 36.4 % 
Citrobacter freundii  10 1 4.5 % 
Pseudomonas aeruginosa 10 1 4.5 % 
Pseudomonas alcalegenis 10 1 4.5 % 
Pseudomonas fluoresens 10 1 4.5 % 
Streptococcus faecalis 10 2 9.2 % 
Vibrio anguillarum 10 1 4.5 % 
 
 
 
 
 
 
 
 
 
 
 
Table 12: Characteristics and biochemical reactions of enteric bacteria 
isolated from inner coastal waters of Port Sudan area (Khour Salalab) 
Characters  E.coli K.pneumoniae C.freundii P.mirlabilis V.anguillarum. 
Gram stain  - ve - ve - ve - ve - ve 
Shape Rod Rod Rod Rod Rod 
Motility  + ve - ve + ve + ve + ve 
Catalase  + ve + ve + ve + ve + ve 
Oxidase  - ve - ve - ve - ve + ve 
O/F F F F F F 
Glucose 
fermentation 
A&G A&G A&G A&G A only 
Urease - ve + ve + ve + ve + ve 
Citrate - ve + ve + ve + ve + ve 
V.P - ve - ve - ve - ve +ve 
M.R + ve + ve + ve + ve ND 
Indole 
production 
+ ve - ve - ve - ve + ve 
 H2S   -ve - ve + ve + ve + ve 
Nitrate 
reduction 
ND ND ND ND + ve 
KIA: Slope:  
        Butt: 
        H2S: 
        Gas: 
Y 
Y 
- ve 
+ ve 
Y 
Y 
- ve 
+ ve 
R 
Y 
- ve 
- ve 
R 
Y 
+ ve 
- ve 
Y 
Y 
+ ve 
- ve 
Acid 
from:** 
Adonitol  
 
 
- ve 
 
 
+ ve 
 
 
- ve 
 
 
- ve 
 
 
ND 
Arabinose  + ve + ve + ve - ve ND 
Glycerol + ve + ve + ve + ve ND 
Inositol  - ve + ve - ve - ve ND 
Lactose  + ve + ve + ve - ve - ve 
Maltose  + ve + ve + ve - ve - ve 
Mannitol  + ve + ve + ve - ve + ve 
Salicin  + ve + ve - ve - ve - ve 
Sorbitol  + ve + ve + ve - ve ND 
Sucrose  - ve + ve - ve - ve + ve 
Xylose  + ve + ve + ve + ve - ve 
F: Fermentative.         ND: Not done.         Y: Yellow.                    R: red. 
- ve: negative.                  + ve: positive.                    A&G: Acid and Gas.  
A only: Acid only.                     **:sugars in peptone water. 
Table 13: Characteristics and biochemical reactions of Pseudomonas 
aeruginosa and related bacteria isolated from inner coastal waters of Port 
Sudan area (Khour Salalab) 
Characters  P. aeruginosa P. alcalegines P. fluoresens 
Gram stain  - ve - ve - ve 
Shape Rod Rod Rod 
Motility  + ve + ve + ve 
Catalase  + ve + ve + ve 
Oxidase  + ve + ve + ve 
O/F O alkaline O 
Urease + ve - ve + ve 
Citrate + ve + ve + ve 
Pigments  Brown - ve - ve 
Growth on 
MaCconkey agar 
 
+ ve 
 
+ ve 
 
+ ve 
Indole production - ve - ve - ve 
H2S  - ve + ve - ve 
Acid from glucose 
in peptone water 
 
- ve 
 
- ve 
 
- ve 
Nitrate reduction  + ve + ve + ve 
Acid from :(sugars 
in ammonium salts) 
Adonitol  
 
 
- ve 
 
 
- ve 
 
 
- ve 
Arabinose  + ve - ve + ve 
Fructose + ve - ve + ve 
Glucose + ve - ve + ve 
Glycerol + ve - ve + ve 
Inositol  - ve - ve - ve 
Lactose  - ve - ve - ve 
Maltose  - ve - ve - ve 
Mannitol  + ve - ve + ve 
Sorbitol  - ve - ve + ve 
Sucrose  - ve - ve - ve 
Xylose  - ve - ve - ve 
O: Oxidative.                    - ve: negative.                 + ve:positive. 
 
 
Table 14: Characteristics and biochemical reactions of Streptococcus 
faecalis isolated from inner coastal  waters of  Port Sudan area (Khour 
Salalab). 
 
Characters  S. faecalis 
Gram stain  + ve 
Shape Cocci 
Motility  - ve 
Catalase  - ve 
Oxidase  - ve 
O/F F 
Glucose fermentation A only 
Growth on MacConkey 
agar 
 
+ ve 
Growth on BEA agar + ve 
Growth in BHI broth at 
45C 
 
+ ve 
 
F: Fermentative                 + ve : Positive                   - ve : Negative        
A only: Acid only                             BEA : Bile Esculin Azide                 
BHI : Brain Heart Infusion      
 
  
  
  
  
  
  
  
  
  
  
  
  
CHAPTER FIVE 
Discussion 
              Indicator bacteria were found abundantly in the inner coastal 
waters of Port Sudan which included both Khour Salalab and Khour 
Kilab, and were less abundant in the coastal waters along the coastal line 
of Port Sudan and the inner water of Suakin. The examinations showed 
that indicator bacteria decreased in number when samples were collected 
further north or south along the coastal line from Port Sudan. Indicator 
bacteria were not found in the open sea water off Port Sudan and were 
less abundant in Suakin than Port Sudan. These findings suggest that 
these bacteria came from faecal materials of human or animal sources.  
              The low presence of indicator bacteria in the inner waters of 
Suakin is mainly due to the low human population who live there when 
compared with Port Sudan. The low presence of indicator bacteria in Port 
Sudan coastal water when compared with the inner water is probably due 
to low exposure to the faecal materials and the  ability of the open waters 
for self cleaning and dispersion as a result of the waves and currents. 
            The high counts of indicator bacteria in the inner sea waters of 
Port Sudan may be due to the enclosed character of the area, so the waste 
may not be rapidly diluted and dispersed by natural processes that 
happens in the open water and this agrees with FAO report (1972) which 
attributed the accumulation of marine pollutants to the enclosed character 
of some parts of the seas. 
              In the Sudanese coastal waters as in  other parts of the world, it 
is difficult to determine the  exact source of faecal pollution because 
many sources combine together to pollute these waters. Probably the run–
off  from the land may be the main source of faecal pollution because, as 
in the case of the inner waters of Port Sudan, this area receives annually  
considerable amounts of fresh water from the land during the flood 
seasons. These floods sweep the lands carrying every things to the sea, 
especially the faecal materials that are found abundantly around this area 
due to the poor hygienic conditions of the population. A considerable part 
of these populations are nomads who live into the rural area around and 
also inside the city and have no sewage system in their homes. 
              Additionally, considerable amounts of faecal materials are added 
to the coastal waters by the contributions of the boats, especially tourist 
boats that anchor in the inner waters at  khour Kilab and release their 
sewage directly in the water without any treatment processes. 
              The presence of indicator bacteria in high counts in the inner 
waters of Port Sudan may be due to the presence of large amounts of inert 
material (e.g., bottles, tires, plastics) supporting biofilms that may provide 
protective niches for bacteria and viruses, prolonging their marine 
survival (Colwel and Spira, 1992). Sediments are  thought to be 
reservoirs for certain pathogens. For example, indicator bacteria (faecal 
coliform and enterococci) and Vibrio parahaemolyticus were found to 
survive in high numbers in sewage–polluted intertidal sediments (Shiaris 
et al., 1987). Bothner et al. (1994) isolated faecal coliform from marine 
sediments beneath a deep ocean dumpsite off New York where sediments 
could be readily resuspended  in high–energy coastal environments. 
These sediments might be a significant source of pathogens to the water 
column by the action of waves and the activities of swimmers in the 
shallow waters as in the case of inner waters of Port Sudan area. 
             Seabirds are found in big numbers in the inner waters of Port 
Sudan area. They come  to this area in order to feed on small fishes found 
there because the area is suitable for fish spawning. These birds may have 
contributed largely to the high counts of indicator bacteria found in this 
area. Furthermore, not far from this  area, there are many cattle farms that 
may also contribute by their faecal materials in polluting sea waters in 
this area when washed away with fresh water run–off from the land. 
              Many studies showed that the presence of high densities of  
marine plankton indicated high nutrients in the environment which may 
encourage the growth of indicator bacteria and pathogens (Harvel et 
al.,1999). Epestien (1993) suggested an indirect link between coastal 
algal blooms and cholera epidemics although this link is criticized as 
speculative. Other researchers showed strong link between plankton and 
aquatic bacteria and found that a number of planktonic species 
concentrate pathogens within their mucilaginous sheath, and during 
blooms the number of pathogens may be amplified to reach infectious 
doses (Colwell and Spira, 1992). Many planktonic species themselves can 
persist for years as cysts at the bottom of estuaries.  
             Maki (1993) found that determinants of bacterial growth and 
survival in marine waters are salinity, temperature, predation, sunlight 
(ultraviolet), toxic chemicals, and nutrients. The more favorable ranges of 
these determinants for microbial growth can often be found in estuaries  
(Ducklow and Shiah, 1993). Indeed, the high nutrient content found in 
some coastal waters can override the stresses of suboptimal salinity 
and/or temperature, prolonging bacterial survival (Singleton et al., 1982). 
These attributes could be partially explain the situation on Port Sudan 
inner waters area although it can not be considered as an estuary. 
              The point of valuable importance that has to be mentioned here 
is that humid weather of Port Sudan and  the Red Sea coast in general, 
except during summer seasons, can contribute largely to the survival of 
indicator bacteria and pathogens in the out side water system and  
increase their chances to reach the sea. 
             Other researchers tend to attribute the presence of coliform and 
faecal coliform in some aquatic environment to sources other than human 
and animal origins. Studies in PuertoRico have shown that E. coli is 
capable of surviving for long periods of time in tropical rivers and that it 
can be isolated from many habitats not known to have any human or 
animal faecal contamination (Carrillo et al., 1985) 
             Other tropical environment, both marine and fresh water, have 
been observed to have high densities of coliform even when no 
contamination source was apparent (Lavoie, 1983). However, in  this 
study, the absence of indicator bacteria from the open sea waters is strong 
evidence of faecal pollution of human or animal origin of the inner 
waters. 
              With respect to indicators relationships, the ratio of faecal 
coliform to faecal streptococci FC/FS for all sea water samples with the 
exception of sample 2, station 8 (which is 8.5) generally fell within the 
limits 0.08–4.8. This range indicated that faecal pollution was due to 
waste of mixed human and animal sources according to the FC/FS ratio 
 limits (Wilkes University, 1998).              
 The faecal coliform segments of total coliform populations for  
all sea water samples were in the range of 9% to 100% (the mean is 
70%). This mean is slightly lower than the percentage patterns in faecally 
polluted water samples by either human (96%) or animal (93–98%) 
(Geldreich, 1976). This may be due to presence of some coliform capable 
of natural occurrence and survival in the environmental samples 
(Caplenas et al., 1984). 
               Although indicator bacteria are not necessarily pathogenic, their 
presence in the coastal waters indicates  the possibility of the presence of 
pathogenic organisms such as bacteria, viruses and parasites. To prove 
this theory, 10 seawater samples were collected from different locations 
of the inner waters of Port Sudan and investigated bacteriologically for 
possible presence of pathogenic bacteria. 
              Results of isolation and identification tests revealed the presence 
of a variety of opportunistic bacterial pathogens  in the coastal waters 
which enhances the possibility of the presence of primary pathogenic 
bacteria and other pathogenic organisms.           
              The opportunistic pathogens isolated from the inner waters of 
Port Sudan can cause numerous infections as mentioned by Cheesbrough 
(2000), but the Likelihood of infection also depends on individual 
susceptibility; for example, acquired immunity may protect an individual 
from marine–associated  infections. Children appear to be at greater risk 
than adults (Stevenson, 1953), and tourists without prior immunity may 
be particularly at high risk per exposure (Cabelli, 1983). However, among 
local populations, the poor are at highest risk  because they tend to swim 
at periurban, polluted beaches and may have both poorer diets and weaker 
general health. As expected, immunocompromised persons are also a 
high–risk category for infectious disease (Cabelli et al., 1997). 
              Among the isolated species of bacteria, although most strains of 
E. coli are not regarded as pathogens, they can be opportunistic pathogens 
that cause infections in immunocompromised hosts. There are also 
pathogenic strains of E. coli when ingested can cause gastrointestinal 
illness in healthy human (USFDA, 2002). 
              There are no data about the number of swimmers in the 
recreational sites of the Sudanese Red Sea coast and  swimming–related 
infections. The number of swimmers usually increases during the summer 
months. However, the high air and seawater temperature and the shortage 
of rainfall during summer which results in no water run–off from the 
land, may affect the load, and viability of indicator and pathogenic 
microorganisms. Consequently, this may affect the rate of marine–
associated human infections. 
    
Conclusions and Recommendations: 
  Results showed that the inner waters of Port Sudan should be 
considered a faecally polluted area and  real steps should be done to stop 
it's faecal pollution.  
The presence of both indicator and pathogenic organisms in the 
inner sea water, reflects unhygienic conditions and poor public and 
environmental health. Inner sea water faecal pollution may be responsible 
for some human infections.  
 This is the first study conducted to assess the microbiological 
quality of Sudanese coastal water and it was carried during a short period 
of time (April–May) so, more studies need to be carried out for longer 
periods of time.     
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